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ORGANIC SYNTHESES 



a-ACETAMINOCINNAMIC ACID 

CeHsCHO + CH 2 C0 2 H C 6 H 5 CH=C CO 

| (CH 3 CO) 2 | | 

NHCOCH3 (CH 3 C0 2 Na) N O 



CaHs— CH=C CO 



V 

I 
CH 3 

^NHCOCH 3 

^C0 2 H 



I ! (heat) ^ 

N O +H 2 > C 6 H 3 — CH=C< 

\ c / 

I 

CH 3 

Submitted by R. M. HtRusr and D. Shemin. 
Checked by Reynold C. Fuson and E. A. Cleveland. 

1. Procedure 

A mixture of 58.5 g. (0.5 mole) of acetylglycine (p. 4) 
(Note 1), ^o g. (0.37 mole) of anhydrous sodium acetate, 75 cc. 
(79 g.; 0.74 mole) of freshly distilled benzaldehyde, and 134 g. 
(T.25 moles) of 95 per cent acetic anhydride in a loosely corked 
i-l. Erlenmeyer flask is warmed on the steam bath with occa- 
sional stilling until solution is complete (ten to twenty minute^). 
The resulting solution is boiled for one hour under reflux, cooled, 
and placed in a refrigerator overnight. The solid mass of yellow 
crystals is treated with 125 cc. of cold water and broken up with 
a stirring rod. The crystals are then transferred to a Biichner 
funnel and washed thoroughly with cold water (Note 2). After 
being dried in a vacuum desiccator over phosphorus pentoxide 
and potassium hydroxide, the crude azlactone weighs 69-72 g. 

1 



2 ORGANIC SYNTHESES 

(74-77 per cent of the theoretical amount). The product melts 
at 148-150 , and is sufficiently pure for preparative purposes 
(Note 3). 

In a i-l. round-bottomed, short-necked flask 47 g. (0.25 mole) 
of the crude azlactone of a-acetaminocinnamic acid is dissolved 
by boiling with a mixture of 450 cc. of acetone and 175 cc. of 
water. Hydrolysis is completed by boiling under reflux for four 
hours. Most of the acetone is then removed by distillation at 
ordinary pressure on a steam bath. The residual solution is 
diluted with 400 cc. of water, heated to boiling for five minutes 
to insure complete solution of the acetamino acid, and filtered 
(Notes 4 and 5). A small amount of undissolved material 
(0.2-0.5 g-) which remains on the filter is washed with 50-75 cc. 
of boiling water. Any crystals which separate from the filtrate 
are redissolved by heating, after which the solution is boiled for 
five minutes with 10 g. of Norite and filtered with the aid of 
gentle suction while still almost at the boiling point (Note 5). 
The Norite is washed thoroughly on the funnel with two to four 
50-cc. portions of boiling water to remove the crystals which 
separate during the filtration, and the washings are added to the 
main filtrate. After standing in a refrigerator overnight the 
colorless, crystalline needles are collected on a Buchner funnel 
(Note 6), washed with 150-200 cc. of ice-cold water, and dried 
for several hours at 90— ioo°. The yield is 41-46 g. (80-90 
per cent of the theoretical amount) of practically pure material, 
m.p. 191-192 (Note 7). 

2. Notes 

1. The azlactone of a-acetaminocinnamic acid may also be 
prepared by substituting the equivalent amount of glycine for 
acetylglycine and increasing the amount of acetic anhydride to 
three molecular proportions, but the yield is only about 45-50 
per cent of the theoretical amount. 

2. If the excess benzaldehyde is not almost completely 
removed by repeated washing with water, a final wash with 
50-75 cc. of ether may be advantageous, although this causes 
some loss of azlactone owing to its solubility in ether. 
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3. The azlactone can be recrystallized from alcohol, carbon 
tetrachloride, or from ethyl acetate with addition of petroleum 
ether. Aqueous solvents should be avoided, since the azlactone 
ring is easily opened by water. When alcohol is used for recrys- 
tallization, there is some danger of opening the azlactone ring 
with the formation of an ester, particularly on prolonged heating 
of the solution. 

4. The solution may be filtered by gravity through a large 
folded filter (preferably in a steam-jacketed funnel), or through 
a Biichner funnel with gentle suction. 

5. The solubility of a-acetaminocinnamic acid in water de- 
creases very rapidly on cooling below the boiling point of the 
solution. Since the solution is very nearly saturated with the 
product, a large share of the acid will crystallize in the funnel 
during filtration if the solution is allowed to cool too much. 
This property of the product makes it inadvisable to work with 
larger quantities. 

6. Occasionally after treatment with Norite the solution is 
green owing to traces of iron and phenylpyruvic acid. If the 
crystals are still yellow at this point, the treatment with Norite 
should be repeated before the product is collected on a filter. 

7. If further purification is desired, the product may be 
recrystallized from 600 cc. of boiling water, with a loss of about 
5 per cent. The loss is due in part to hydrolysis of the product 
with the formation of phenylpyruvic acid. 

3. Methods of Preparation 

The azlactone of a-acetaminocinnamic acid has been prepared 
by heating a mixture of glycine, benzaldehyde, acetic anhydride, 
and anhydrous sodium acetate; 1,2 and from A f -chloroacetylphe- 
nylalanine by treatment with acetic anhydride. 2 

a-Acetaminocinnamic acid lias been prepared from the corre- 
sponding azlactone by hydrolysis with either aqueous sodium 
hydroxide 1 or with boiling water alone. 2 

1 Erlenmcycr, Jr , and Frihtiick, Ann. 284, 48 (1895). 
'' UtTumanu and Stern, Ann. 448, 26 (1Q26). 



II 

ACETYLGLYCINE 
(Aceturic Acid) 

H 2 NCH 2 C0 2 H + (CH 3 CO) 2 -> 

CH 3 C0NHCH 2 CO 2 H + CH 3 C0 2 H 

Submitted by R. M. Herbst and D. Shemih. 
Checked by Reynold C. Fttson and E. A. Cleveland. 

1. Procedure 

In a i-l. Erlenmeyer flask provided with a mechanical stirrer 
are placed 75 g. (1 mole) of glycine and 300 cc. of water. The 
mixture is stirred vigorously until the glycine is almost com- 
pletely dissolved, when 215 g. (2 moles) of 95 per cent acetic 
anhydride (Note 1) is added in one portion. Vigorous stirring 
is continued for fifteen to twenty minutes, during which time the 
solution becomes hot and acetylglycine may begin to crystallize. 
The solution is placed in the refrigerator (Note 2) overnight to 
effect complete crystallization. The first crop of product is col- 
lected on a Buchner funnel, washed with ice-cold water, and 
dried at 100-110 . The first crop weighs 75-85 g. and melts at 
207-208 . The combined filtrate and washings are evaporated 
to dryness under reduced pressure on a water bath at 50-60°. 
The residue on recrystallization from 75 cc. of boiling water 
yields a second fraction of 20-30 g. which melts at 207-208 
after being washed with ice-cold water and dried at 100-no . 
An additional 4-6 g. of only slightly less pure product may be 
obtained from the mother liquor by concentration. The total 
yield is 104-108 g. (89-92 per cent of the theoretical amount) 
(Note 3). 
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2. Notes 

i. The equivalent quantity of 90 per cent acetic anhydride 
may be used. 

2. The refrigerator used by the checkers maintained a tem- 
perature of 5-7°. 

3. The method may be employed to acetylate most a-amino 
acids with only slight modifications depending upon the solubility 
of the particular amino acid. When optically active amino acids 
are acetylated, there is little or no racemization. 1 

3. Methods of Preparation 

Acetylglycine has been prepared by the interaction of acetyl 
chloride and the silver salt of glycine in dry ether or benzene; ' 
by the action of acetic anhydride on glycine suspended in warm 
benzene; 3 by heating glycine with acetic anhydride; 4 by treating 
an aqueous solution of glycine or its sodium salt with ketene; 5 
and by treating an aqueous alkaline solution of glycine with 
acetic anhydride. 6 

1 Behr and Clarke, J. Am. Chem. Soc. 54, 1631 (1932). 

2 Kraut and Hartmann, Ann. 133, 105 (1865). 
3 Curtius, Ber. 17, 1665 (1884). 

* Radenhausen, J. prakt. Chem. (2) 52, 437 (i8q^ 
6 Bergmann and Stern, Ber. 63, 437 (1930^ 
6 Chattaway, J. Chem. Soc. 1031. 2405 
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ACRIDONE 

(CuO) 

0-CIC0H4CO2H + CaH 5 NH 2 7 \ o-CaHsNHCoHtCOjH 

(K2CO3) 

o-C.ftNHC.ftCCMl^ I +Hs0 




Submitted by C. F. H. Allen and G. H. W. McKee. 
Checked by W. W. Hartman and A. Weissblrgi k. 



1. Procedure 



(A) N-Phenylanthrantiic Acid. — In a i-l. round-bottomed 
flask fitted with an air-cooled condenser, a mixture of 155 g. 
(1.66 moles) of aniline, 41 g. (0.26 mole) of o-chlorobenzoic acid 
(Note 1), 41 g. (0.30 mole) of technical, anhydrous potassium 
carbonate, and 1 g. of copper oxide is refluxed for two hours, 
using an oil bath. The excess aniline is removed by distillation 
with steam (about three hours is required), and 20 g. of decolor- 
izing carbon (Note 2) is added to the brown residual solution. 
The mixture is boiled for fifteen minutes and filtered by suction. 
The filtrate is added, with stirring, to a mixture of 30 cc. of con- 
centrated hydrochloric acid and 60 cc. of water. The precipi- 
tated acid is filtered with suction when cold. After drying to 
constant weight in the air, the yield is 46-52 g. (82-93 per cent 
of the theoretical amount) of a nearly white product; m.p. 179- 
181 with preliminary shrinking (Notes 3, 4, 5). 

6 



ACRIDONE 7 

(B) Acridone. — In a 500-cc. flask a solution of 42.7 g. 
(0.2 mole) of Af-phenylanthranilic acid (Note 6) in 100 cc. of 
concentrated sulfuric acid (sp. gr. 1.84) is heated on a boiling 
water bath for four hours, and then poured into 1 1. of boiling 
water. Spattering is minimized by allowing the solution to run 
down the wall of the container. The yellow precipitate is fil- 
tered after boiling for five minutes, and the filtrate saved (Note 7). 
The moist solid is boiled for five minutes with a solution of 30 g. 
(0.28 mole) of sodium carbonate in 400 cc. of water, collected 
with suction (Note 8), and washed well with water. After dry- 
ing in the air the crude acridone weighs 35.5-37.5 g- (91-96 per 
cent of the theoretical amount) and melts at 344-346 (Note 9). 
This material is pure enough for many purposes; it may be 
recrystallized from a mixture of aniline and acetic acid, using 
10 cc. of aniline and 25 cc. of acetic acid for every 2 g. of solid. 
The recovery is about 90 per cent, and the recrystallized product 
melts at 348-352 (Note 10). 



2. Notes 

1. The technical grade of o-chlorobenzoic acid (60 g.) is dis- 
solved in 200 cc. of hot water containing 20 g. of sodium carbon- 
ate, 10 g. of decolorizing carbon is added, and, after boiling for 
ten minutes, the mixture is filtered by suction. The filtrate is 
added to hydrochloric acid prepared by diluting 31 cc. of the 
concentrated acid with an equal volume of water. The air-dried 
product weighs 41 g. and is used directly. This purification is 
essential to obtain a good yield and a product of good quality. 
If it is omitted, a blue to black acid results, from which the color 
is removed only with difficulty. 

2. Ordinary animal charcoal and Darco gave equally good 
results 

3. A'-Phenylanthrariilic acid decomposes slowly at elevated 
temperatures. Before the melting point is reached, there is con- 
siderable preliminary shrinkage. If the "dip method" is used, 
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the melting point is 182-183°. The literature values vary from 
181 to 184 for the pure acid. 

4. This acid is pure enough for all ordinary purposes. The 
melting point is only slightly raised by dissolving 5 g. in 100 cc. 
of water containing 2.5 g. of sodium carbonate, adding 2.5 g. of 
decolorizing carbon, boiling for five minutes, filtering, and acid- 
ifying. The recovery is 4.6 g. If the product is colored this 
procedure must be followed to get acridone of light color. 

5. For recrystallization, 5 g. of the acid is dissolved in 25 cc. 
of boiling alcohol and 5 cc. of water added. The recovery is 
4.8 g., and the melting point is 182-183°. Acetic acid (2 cc. per 
gram) may be substituted for alcohol; it is more convenient for 
recrystallizing large quantities. 

6. The ^-phenylanthranilic acid may be used without recrys- 
tallization if it has been prepared from purified o-chlorobenzoic 
acid. If not, the crude A^-phenylanthranilic acid must be sub- 
mitted to the decolorizing treatment described in Note 4, as 
otherwise a greenish acridone is obtained, which, however, has 
the same melting point. 

7. On standing overnight, the filtrate deposits 1.6 to 2 g. of 
a very impure product which melts at about 315°. 

8. On acidification of the filtrate, a little (1.5-2 g.) iV-phenyl- 
anthranilic acid is always precipitated. 

9. The crude acridone shrinks in a capillary tube at 330-33 5 ° 
and melts to a dark-colored liquid at 344-346 . 

10. iso-Amy\ alcohol may also be used for recrystallization; 
1 g. of acridone requires 120 cc. of solvent and yields 0.75 g. of 
material melting at 354°, using a Berl-Kullman copper block. 1 



3. Methods of Preparation 

The practical methods of preparation of iV-phenylanthranilic 
acid are the action of aniline on o-chloro- or o-bromobenzoic 
acid, ' or the action of bromobenzene on anthranilic acid, ,J ' 
using copper or its salts in both instances. 
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The only method of preparative value for acridone is by ring 
closure of iV-phenylanthranilic acid. 7 

1 Berl and Kullman, Ber. CO, 811 (1927); for an elaborate modification, see 
Walsh, Ind. Eng. Chem. Anal. Ed. 6, 468 (1934). 

2 TJllmann, Ber. 36, 2383 (1903); Arm. 355, 322 (1907). 

3 Ger. pat. 145,189 [Chem. Zentr. 1903, II, 1097]. 

4 Goldberg, Ber. 39, 1691 (1906). 
'Houbcn, ibid. 39, 3238 (1906). 

a Ger. pat. 173,523 [Chem. Zentr. 190C>, II, g3i]; Ger. pat. 187,870 [Cliem. Zentr. 
1907,II,t 4 65]. 

7 Graebe, Ber. 25, 1734 (1892); Ann. 270, 35 (1893); Matsumura, J. Am. Chem. 
Soc. 57, 1533 (1935)- 



IV 
2-AMINO-4-METHYLTHIAZOLE 

CH 3 — CO HN 

| + || + NaOH -► 

CHaCl HS— C— NH 2 

CH 3 — C N 

II II 

HC C— NH 2 



V 



+ NaCl + 2H2O 



Submitted by J. R. Byers and J. B. Dickey. 
Checked by L. F. Fiesee and Byeon Riegel. 



1. Procedure 



Seventy-six grams (1 mole) of thiourea is suspended in 
200 cc. of water (Note 1) in a 500-cc. flask equipped with a 
reflux condenser, dropping funnel, and mechanical stirrer. The 
stirrer is started, and 92.5 g. (1 mole) of chloroacetone (Note 2) 
is run in during thirty minutes. As the reaction proceeds the 
thiourea dissolves and the temperature rises. The yellow solu- 
tion is refluxed for two hours and cooled, and, while the mixture 
is stirred continuously but not so rapidly as to produce a trouble- 
some emulsion, 200 g. of solid sodium hydroxide is added with 
cooling. The upper, oily layer is separated in a separatory 
funnel and the aqueous layer is extracted three times with ether, 
using a total of 300 cc. (Note 3). The dark red oil is combined 
with the ethereal extract, and the solution is dried over 30 g. of 
solid sodium hydroxide and filtered by gravity to remove small 
amounts of tar. The ether is removed by distillation from a 
steam bath, and the oil is distilled at reduced pressure. After 
a very small fore-run, the 2 -amino-4 -methyl thiazole is collected 

10 



2-AMINO-4-METHYLTHIAZOLE 11 

at n7-i20°/8 mm., or ijo-i33°/i8 mm. The yield of material 
melting at 44-45 is 80-85.5 g. (70-75 per cent of the theoretical 
amount) . 

2. Notes 

1. The reaction may be conducted without this diluent, but 
it is then likely to become violent. 

2. Commercial chloroacetone was distilled and the fraction 
boiling at 116-122 taken; nearly all of this boiled at 118— 120 . 

3. If a precipitate is produced and causes an emulsion, it is 
well to add ice and water until this dissolves. 

3. Methods of Preparation 

The method given is essentially that of Traumann. 1 
2-Amino-4-methylthiazole has been prepared also from chloro- 
acetone and ammonium thiocyanate, 2 from chloroacetone and 
ammonium thiocyanate in ammonia water, 3 by the action of 
ammonium thiocyanate on thiocyanoacetone, 3 by saponifying 
and decarboxylating the cyclic ester from ethyl 7-bromoaceto- 
acetate and thiourea, 4 and from thiocyanoacetone and ammonia 
in absolute ether. 5 

1 Traumann, Ann. 249, 37 (1888). 

2 Hantzsch and Traumann, Ber. 21, 938 (1888); Hantzsch and Weber, ibid. 20, 
3"8 (1887). 

3 Tscherniac and Norton, ibid. 16, 345 (1883); Tscherniac, J. Chem. Sac. 115 
1071 (igio). 

4 Steude, Ann. 261, 33 (1891). 

5 Hantzsch, Ber. 61, 1785 (1928). 





V 






BENZIMIDAZOLE 


H 


v 


r-NH 2 

+ HC0 2 H -» 

—NHo 


A /N \ 

] CH + 2H2O 



Submitted by E. C. Wagner and W. H. Millett. 
Checked by W. W. Haktman and G. W. Sawdey. 



1. Procedure 



In a 500-cc. round-bottomed flask 54 g. (0.5 mole) of 
<?-phenylenediamine (p. 70) (Note 1) is treated with 32 cc. 
(34.6 g.) of 90 per cent formic acid (0.75 mole) (Note 2). The 
mixture is heated in a water bath at 100 ° for two hours. After 
cooling, 10 per cent sodium hydroxide solution is added slowly, 
with thorough mixing by rotation of the flask, until the mixture 
is just alkaline to litmus. The crude benzimidazole is collected 
with suction in a 75-mm. Buchner funnel; ice-cold water is used 
to rinse all solid out of the reaction flask. The crude product is 
pressed thoroughly on the filter, washed with about 50 cc. of 
cold water, and then purified without previous drying (Note 3). 

The benzimidazole is dissolved in 750 cc. of boiling water in 
a 1 500-cc. beaker. The solution is digested for fifteen minutes 
with about 2 g. of decolorizing carbon (Norite) and filtered 
rapidly through a well-heated filter (Note 4). The nitrate is 
cooled to 10-15°, an d the benzimidazole is filtered and washed 
with 50 cc. of cold water. The white (Note 5) product is dried 
at 100°. The melting point is 170-172°, and the yield is 
49-50.5 g. (83-85 per cent of the theoretical) (Notes 6 and 7). 

12 



BENZIMIDAZOLE 13 

2. Notes 

i. The o-phenylenediamine used was a good grade of com- 
mercial material, m.p. 99-101 °. The hydrochloride can be used 
with or without addition of sodium formate. 

2. The yield is not greatly affected if the amount of formic 
acid is decreased almost to the theoretical, but a safe excess is 
recommended to insure utilization of the o-phenylenediamine. 
Formic acid of considerably less than 90 per cent concentration 
will form benzimidazole ; good yields were obtained with 40 per 
cent acid. 

3. The crude benzimidazole, if dried at ioo°, weighs 57.5-59 g. 
(97-99 per cent of the theoretical), melts at 167-168 , and is 
yellow tinged. This discoloration is hard to remove and per- 
sists after two crystallizations (Note 5) . 

4. The solution is almost saturated when boiling, and crystal- 
lization begins at once on cooling. The filter must be thoroughly 
heated and filtration must be rapid, or crystallization will occur 
in the filter. 

5. If the crystallized benzimidazole is discolored, the fol- 
lowing treatment will yield a good product. The benzimidazole 
is dissolved in boiling water (13 cc. per gram), and a strong 
solution of potassium permanganate is added until the liquid 
becomes opaque owing to the precipitated brown oxide of man- 
ganese. To the hot mixture solid sodium bisulfite is added until 
clarification results. Decolorizing carbon is introduced, and the 
mixture is digested for fifteen minutes and filtered hot. The 
recovery is 90-92 per cent. 

6. A small additional amount (2-2.5 S-) can De obtained by 
evaporation of the mother liquor to about 30 cc. 

7. This is a general method of preparing benzimidazoles. 
Using an equivalent of acetic acid (45 g.) in place of formic acid, 
2-methylbenzimidazole, m.p. 172-174 , can be prepared in 68 per 
cent yield. 
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3. Methods of Preparation 

Benzimidazole has been prepared from o-phenylenediamine 
by the action of chloroform and alcoholic potassium hydroxide 1 
and of formic acid, 2 and by the reduction of 0-nitroformanilide. 3 
Less serviceable methods include the interaction of 0-phenylene- 
diamine and dichloromethylformamidine 4 or formoacetic anhy- 
dride, 5 and the thermal decarboxylation of benzimidazole-2- 
carboxylic acid. 6 The procedure described was developed 7 
from that of Wundt. 2 

The conversion of aliphatic acids to 2-alkylbenzimida2oles, 
by heating with o-phenylenediamine, has been proposed as a 
general method for preparing solid derivatives for identification. 8 

1 Grassi-Cristaldi and Lambardi, Gazz. chim. ital. 25, 225 (1895). 

2 Wundt, Ber. 11, 826 (1878); Heller and Kuhn, ibid. 37, 3116 (1904); Pauly 
and Gundermann, ibid. 41, 4012 (iqo8). 

3 Niementowski, ibid. 43, 3018 (1910). 
4 Dains, ibid. 35, 2503 (1902). 

5 Behal, Ger. pat. 115,334 [Frdl. 6, 1280 (1900)]. 

6 Bistrzycki and Przeworski, Ber 45, 3489 (1912). 

7 Wagner and Simons, J. Chem. Education 13, 267 (1936). 

8 Seka and Miiller, Monats. 57, 97 (1931); Pool, Harwood and Ralston, J. Am. 
Chem. Soc. 59, 178 (1937). 



VI 

BENZOHYDROXAMIC ACID 

C 6 H 5 C0 2 C 2 H s + H2NOH + KOH 

-> C 6 H 5 CONHOK + C2H5OH + H 2 

C 6 H 5 CONHOK + CH 3 C0 2 H 

-» C 6 H 5 CONHOH + CH 3 C0 2 K 

Submitted by C. R. Haxiser andW. B. Renfrow, Jr. 
Checked by C. R. Noller and M. Svnerholm. 

1. Procedure 

(A) Potassium Benzohydroxamate. — Separate solutions of 
46.7 g. (0.67 mole) of hydroxylamine hydrochloride in 240 cc. of 
methyl alcohol, and of 56.1 g. (1 mole) of c.p. potassium hydrox- 
ide in 140 cc. of methyl alcohol, are prepared at the boiling point 
of the solvent. Both are cooled to 30-40 (Note 1), and the one 
containing alkali is added with shaking to the hydroxylamine 
solution; any excessive rise of temperature during the addition 
is prevented by occasional cooling in an ice bath. After all the 
alkali has been added, the mixture is allowed to stand in an ice 
bath for five minutes to insure complete precipitation of potas- 
sium chloride. Fifty grams (0.33 mole) of ethyl benzoate is 
added with thorough shaking, and the mixture filtered immedi- 
ately with suction. The residue in the funnel is washed with a 
little methyl alcohol. The filtrate is placed in an Erlenmeyer 
flask and allowed to stand at room temperature. Crystals begin 
to form within twenty minutes to three hours, depending upon 
the amount of supersaturation of the solution. After forty- 
eight hours the crystals are filtered, washed with a little absolute 
ethyl alcohol, and dried in air. The yield is 33-35 g. (57-60 per 
cent of the theoretical amount). (Notes 2, 3, and 4.) 
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(B) Benzohydroxamic Acid. — A mixture of 35 g. (0.2 mole) of 
the potassium salt in 160 cc. of 1.25 N acetic acid is stirred and 
heated until a clear solution is obtained. The solution is allowed 
to cool to room temperature and finally chilled in an ice bath. 
Benzohydroxamic acid separates as white crystals. After filter- 
ing and drying the product melts at 120-128 and weighs 25-26 g. 
(92-95 per cent of the theoretical amount). The crude material 
may be purified by dissolving it in 4.5 times its weight of hot 
ethyl acetate, filtering from a small amount of solid, and allowing 
the solution to cool to room temperature. The white crystals 
which separate are filtered, washed with a little benzene, and 
allowed to dry in air. The yield of recrystallized product, 
m.p. 125-128 , from 26 g. of crude material is 20 g. (77 per cent 
recovery) (Note 5). 

2. Notes 

1. The hydroxylamine hydrochloride solution should not be 
cooled too quickly or crystallization may occur before mixing. 
Exposure to atmospheric oxygen should be minimized after 
mixing the solutions, to avoid oxidation of the free hydroxyla- 
mine. 

2. By concentrating the alcoholic mother liquors an addi- 
tional 3-5 g. of the potassium salt may be obtained. 

3. This salt can be used for the preparation of acyl deriva- 
tives; for example, when suspended in dioxane and treated with 
benzoyl chloride, dibenzohydroxamic acid is formed in excellent 
yield. 1 

4. The potassium salts of p-meihyl- and ^-methoxybenzo- 
hydroxamic acid have been prepared by the submitters by this 
method in approximately the same yields. 

5. This product has a neutralization equivalent of 137. 5-138 
(calculated 137. 1) when determined as follows. Several drops 
of an alcoholic solution of 1,3,5-trinitrobenzene are added to 
30-40 cc. of water in a flask, and 0.1 N alkali (about 0.5 cc.) run 
in until a pink color is just produced. An accurately weighed 
sample (approximately 0.3 g.) of benzohydroxamic acid is then 
dissolved in the solution and titrated with standard alkali until 
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the pink color is restored. The latter titer is used to calculate 
the neutralization equivalent. 

3. Methods of Preparation 

Benzohydroxamic acid has been prepared by the action 
of hydroxylamine on benzoyl chloride 2 ethyl benzoate, 1, or 
benzamide. 4 

1 Rcnfrow and Ilauser, J. Am Chera. Soc. 59, 2312 (1937). 

2 Lossen, Ann. 161, 347 (1872); Jones and Hurd, J. Am. Chem. Soc. 43, 2446 

s Tiemann and Kriiger, Ber. 18, 740 (1885); Jeanrenaud, ibid. 22, 1272 (1889). 
<Hofmann, ibid. 22, 2856 (1889). 



VII 

€-BENZOYLAMINO-a-BROMOCAPROIC ACID 

3 C 6 H 5 CONH(CH 2 )sC02H + 3 Br 2 + PBr 3 

-> 3 C 6 H 5 CONH(CH 2 )4CIICOBr + P(OH) 3 + 3 HBi 
Br 

CeH 5 CONH(CH 2 )4CHCOBr ™> CaHsCONHfCHzJiCHCOzH 

i 
Br Br 

Submitted by J. C. Eck and C. S. Marvel. 
Checked by C. R. Nollee and William Munich. 



1. Procedure 

An intimate mixture of 150 g. (0.64 mole) of dry ebenzoyl- 
aminocaproic acid (p. 20) and 26.4 g. (0.85 gram atom) of dry 
red phosphorus is placed in a i-l. three-necked flask provided 
with a separatory funnel, an air-cooled condenser connected 
through a calcium chloride tube to a water trap, and a mechanical 
stirrer (Note 1). The reaction flask is surrounded by an ice-salt 
mixture, the stirrer started, and 408 g. (131 cc. ; 2.55 moles) of dry 
bromine added dropwise from the separatory funnel. When all 
the bromine has been added, the cooling bath is removed. The 
mixture is warmed slowly at first and finally heated on a steam 
bath, with stirring, until the bromine vapors have practically 
disappeared. The hot mixture is poured slowly into 400 cc. of 
water in a i-l. beaker with hand stirring. The viscous acid 
bromide reacts with the water with the evolution of heat, and the 
solid acid is formed. The lumps are pulverized, the mixture 
is replaced in the original reaction flask, and the whole treated 
with a slow stream of sulfur dioxide to remove excess bromine. 
The solid product is filtered on a Buchner funnel, washed with 

18 



t-BENZOYLAMINO-a-BROMOCAPROIC ACID 19 

three 50-cc. portions of water, and air dried. The crude ma- 
terial is dissolved in 250 cc. of hot 95 per cent alcohol, filtered, 
and poured with stirring into r 1. of cold water (Note 2). After 
filtering and air drying there is obtained 130-180 g. (64-89 per 
cent of the calculated amount) of acid melting at 162-165 . 

2. Notes 

1. The stirrer must be very powerful because the mixture 
becomes lumpy and finally very viscous. If the material 
agglomerates so badly that the stirrer will not operate, hand 
stirring may be necessary temporarily until the mass liquefies 
sufficiently to renew mechanical stirring. The checkers tried 
one run in which carbon tetrachloride was added to facilitate 
stirring, but, though it accomplished this purpose, the yield was 
only about half of that obtained without a liquid medium. 

2. The crude product may be recrystallized from ethyl 
alcohol, but the melting point is the same as that of the product 
obtained by precipitation with water, and the yield is consider- 
ably less. 

3. Method of Preparation 

The above procedure l is essentially that of Braun. 2 

1 Eck and Marvel, J. Biol. Chem. 106, 387 (1934). 

2 Braun, Eer. 42, 839 (1909). 



VIII 

e-BENZOYLAMINOCAPROIC ACID 

/CH 2 — CH 2 s (H 2 S0 4 ) /CH 2 — CH 2 — CO 

CH 2 < >C=NOH i CH 2 < | 

X CH 2 — CB 2 / X CH 2 — CH 2 — NH 

H 2 C 6 H 6 C0C1 

> H 2 N(CH2)5C0 2 H > C 6 H 5 CONH(CH2)5C0 2 H 

Submitted by J. C. Eck and C. S. Marvel. 
Checked by C. R. Noller and William Munich. 

1. Procedure 

(A) Cyclohexanoneoxime. — In a 5-L flask fitted with an effi- 
cient mechanical stirrer and an 8-mm. glass inlet tube reaching 
to within 5 cm. of the bottom of the flask, are placed 1.5 kg. of 
cracked ice and a solution of 182 g. (2.5 moles) of technical 
sodium nitrite (95 per cent) in 500 cc. of water (Note 1). The 
flask is placed in an ice-salt mixture, and a cold ( — 8°) solution 
of sodium bisulfite, prepared by saturating with sulfur dioxide 
a solution of 143 g. (1.35 moles) of anhydrous sodium carbonate 
in 600 cc. of water, is added. While the temperature is kept 
below o°, a moderate stream of sulfur dioxide is passed into the 
mixture until it is acid to Congo red and then just enough longer 
to remove the dark color which appears shortly before the solu- 
tion becomes acid. 

To this solution are added 196 g. (2 moles) of technical cyclo- 
hexanone and 500 cc. of 85 per cent ethyl alcohol; the cooling 
bath is replaced by a steam bath, the stirrer started, and the mix- 
ture heated to 75 . The flask is then packed in mineral wool or 
other insulating material and allowed to cool slowly, with effec- 
tive stirring, for forty-eight hours. The solution at room tem- 
perature is exactly neutralized to litmus with a 50 per cent solu- 
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tion of sodium hydroxide, with cooling and stirring. About 
nio g. of sodium hydroxide solution is required. 

The oily layer is separated and the aqueous solution extracted 
with two 200-cc. portions of ether. The oil and ether extracts 
are combined, the ether is removed, and the residue distilled from 
a 500-cc. modified Claisen flask having a 25-cm. fractionating 
side arm. The fraction boiling at 95-100 at 5 mm. weighs 
170-190 g. and melts at 78-80 °. This product is transferred to 
a large mortar, allowed to cool, and ground with 120 cc. of 
petroleum ether (b.p. 35-60 ). After filtering with suction, and 
allowing the solvent to evaporate from the crystals, there is 
obtained 133-147 g. of cyclohexanoneoxime (59-65 per cent of 
the calculated amount) melting at 86-88° (Note 2). 

(B) i-Benzoylaminocaproic Acid. — The rearrangement of 
100 g. (0.88 mole) of pure cyclohexanoneoxime (Note 3) is car- 
ried out in the following way. In a i-l. beaker are placed a 10-g. 
portion of the oxime and 20 cc. of 85 per cent sulfuric acid 
(sp. gr. 1.783) (Note 4). The beaker is heated with a low flame 
and the contents mixed with a rotary motion until bubbles first 
appear. The beaker is then removed from the flame immedi- 
ately, and the violent reaction, which lasts a few seconds, is 
allowed to subside. The acid solution of e-caprolactam is trans- 
ferred to a s-1. round-bottomed flask, and another 10-g. portion 
of the oxime is placed in the beaker and rearranged with sulfuric 
acid as before. The combined acid solution from the ten oper- 
ations is diluted with 2.5 1. of water and boiled gently for one and 
one-half hours with 5 g. of decolorizing carbon. The solution is 
filtered and exactly neutralized to litmus with 50 per cent sodium 
hydroxide solution. About 510 g. of sodium hydroxide solution 
is usually required. The neutral solution is boiled for one-half 
hour with 5 g. of decolorizing carbon and filtered. 

The filtrate is placed in a 5-I. flask fitted with a mechanical 
stirrer, cooled in an ice bath to io°, and a solution of 55 g. 
(1.37 moles) of sodium hydroxide in 55 cc. of water added. 
Keeping the temperature at io°, 94 g. (0.67 mole) of benzoyl 
chloride is added dropwise from a separatory funnel over a 
period of thirty-five to forty minutes, with rapid stirring. The 
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mixture is stirred for an hour longer, filtered, and placed in a 
4-1. beaker. The cold nitrate is slowly acidified to Congo red by 
adding 10 per cent hydrochloric acid, with hand stirring (about 
450 cc. of acid is required). The solid (Note 5) is filtered with 
suction, washed with water, and spread out to dry. When dry, 
the product is washed with two 100-cc. portions of petroleum 
ether (35-60 ) to remove the admixed benzoic acid. The adher- 
ing petroleum ether is allowed to evaporate from the crystals, and 
the final drying is carried out in a vacuum desiccator over sul- 
furic acid. The yield of purified product, m.p. 77-80 , is 135- 
150 g. (65-72 per cent of the calculated amount, based on cyclo- 
hexanoneoxime) . 

2. Notes 

1. The sodium nitrite may be added directly to 2 kg. of ice, 
but if this is done, the nitrite and ice should be mixed thoroughly 
outside of the flask to prevent caking of the ice. 

2. Cyclohexanoneoxime can be prepared in somewhat better 
yields by the standard procedure (Org. Syn. 11, 56) but at 
increased cost because of the high price of hydroxylamine hydro- 
chloride. 

3. The rearrangement of the oxime is carried out in 10-g. 
portions and in a large open beaker because of the violence of 
the reaction. It is essential to use oxime of good quality or a 
product of inferior grade results. 

4. Acid of this concentration may be prepared by mixing 
five volumes of concentrated sulfuric acid with one volume of 
water. 

5. If the acid separates as an oil, it should be allowed to 
stand with occasional stirring until it solidifies. 

3. Methods of Preparation 

c-Benzoylaminocaproic acid has been prepared by treatment 
of bcnzoylpiperidine with phosphorus pentachloride to form 
e-benzoylaminoamyl chloride, conversion to the nitrile, and 
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hydrolysis to the acid. 1 The above procedure from cyclohexa- 
noneoxime has been published recently. 2 Methods for the isola- 
tion of e-caprolactam and c-aminocaproic acid have appeared in 
an earlier volume of this series. 3 

1 Braun, Ber. 42, 839 (1909). 

2 Eck and Marvel, J. Biol. Chem. 106, 3»7 (i934)- 

3 Org. Syn. 17, 60 and 7. 



IX 

co-BROMOACETOPHENONE 
(Phenacyl Bromide) 



(AlClj) 
C6II5COCH3 + Br 2 ^ C fi H 5 COCH 2 Br + HBr 



Submitted by R. M. Cowper and L. H. Davidson. 
Checked by Lee Ievin Siaxn and E. W. Kaiser. 



1. Procedure 

A solution of 50 g. (49 cc, 0.42 mole) of acetophenone in 
50 cc. of pure anhydrous ether (Note 1) is placed in a dry three- 
necked flask fitted with a separatory funnel, mechanical stirrer, 
and reflux condenser (Note 2). The solution is cooled in an ice 
bath, 0.5 g. of anhydrous aluminum chloride is introduced 
(Note 3), and 67 g. (21.5 cc, 0.42 mole) of bromine is added 
gradually from the separatory funnel, with stirring, at the rate 
of about 1 cc. per minute. The bromine color disappears rapidly 
although very little hydrogen bromide is evolved; towards the 
end of the reaction the solution becomes pink in color. 

After the bromine has been added the ether and dissolved 
hydrogen bromide are removed at once (Note 4) under reduced 
pressure with a slight current of air. The phenacyl bromide 
remains as a solid mass of brownish-yellow crystals (Note 5); 
the color is removed by shaking with a mixture of 10 cc. of water 
and 10 cc. of petroleum ether. The crystals are filtered with 
suction and washed several times with fresh portions of the sol- 
vent mixture, if necessary, until a white product is obtained 
(Notes 6 and 7). The crude phenacyl bromide weighs 74-80 g. 
(88-96 per cent of the theoretical amount) and melts at 45-48 . 
This material is sufficiently pure for many purposes. If higher 
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purity is desired the crude product may be recrystallized from 
methanol (25-30 cc.) and yields 54-55 g. (64-66 per cent of the 
theoretical amount) of white crystals melting at 49-51° (Notes 
7 and 8). 

2. Notes 

1. Dry carbon tetrachloride may be used as a solvent but is 
less favorable than dry ether. 

2. Quantities up to 200 g. of acetophenone may be bromi- 
nated in a single operation with equally good yields, but this is 
not generally advisable unless the product is to be used at once, 
since it becomes discolored on standing. 

3. Without aluminum chloride the reaction is slow and incom- 
plete. 

4. If the ether and hydrogen bromide are not removed imme- 
diately the solution blackens on standing and a lower yield of 
less pure product results. 

5. Phenacyl bromide is a lachrymator and should be manipu- 
lated carefully, to avoid contact with the skin and inhalation of 
the vapor. 

6. The water removes yellow color due to residual hydrogen 
bromide, and the petroleum ether removes unchanged acetophe- 
none or oily by-product. Since the product is quite insoluble in 
water and only slightly soluble in cold petroleum ether, it may 
be washed several times with little loss. 

7. The checkers observed that all specimens of the product, 
even after recrystallization, although white at first, became dark 
and discolored on standing in a vacuum desiccator (over calcium 
chloride) . 

8. Phenacyl bromide is a useful reagent for the identification 
of organic acids by conversion to crystalline phenacyl esters. 1,2 

3. Methods of Preparation 

w-Bromoacetophenone has been prepared by the bromination 
of acetophenone in carbon disulfide, 3 " 5 in acetic acid, 1,1 '" and in 
other organic solvents. 4 The quantitative aspects of the bromi- 
nation in various solvents have been investigated by Krohnke. 5 
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The use of ether in the present method is based on the use of 
this solvent for the bromination of desoxybenzoin (phenyl- 
acetophenone) . a 

1 Rather and Reid, J. Am. Cliem. Soc. 41, 77 (1919). 

2 Shriner and Fuson, "The Systematic Identification of Organic Compounds," 
pp. 95 and 144, John Wiley & Sons, New York, 1935. 

3 Emmerling and Engler, Ber. 4, 148 (1871); Hunnius, ibid. 10, 2007 (1877); 
Staedel, ibid. 13, 837 (1880), 16, 22 (1883); Bottinger, ibid. 14, 1238 (1881). 

4 MohIau, ibid. 15, 2465 (1882); Lazennac, Bull. soc. chim. (4) 5, 501 (1909). 

5 Krohnke, Ber. 69, 921 (1936). 

6 Limpricht and Schwanert, Ann. 155, 68 (1870). 



X 

n-BUTYL SULFATE 

(C 4 H 9 ) 2 S0 3 + S0 2 C1 2 -> C 4 H 9 0S0 2 C1 + C 4 H 9 C1 + S0 2 
C 4 H 9 0S0 2 C1 + (C 4 H 9 ) 2 S0 3 -* (C 4 H 9 ) 2 S0 4 + C 4 H 9 C1 + S0 2 

Submitted by C. M. Sutf.r and H. L. Gerhart. 
Checked by C. R. N'oli.f.r and II. Synerholm. 

1. Procedure 

In a 2-1. three-necked flask fitted with a dropping funnel, 
mercury-sealed stirrer, and condenser, is placed 625 g. (3.22 
moles) of w-butyl sulfite (p. 2 g). The condenser is connected 
to a gas-absorption trap, and 217 g. (131 cc, 1.61 moles) of sul- 
furyl chloride (Note 1) is added over a period of thirty minutes, 
with rapid stirring and cooling with tap water. The dropping 
funnel is then replaced by a thermometer dipping into the liquid 
and the flask is heated slowly, with stirring, until the refluxing 
of the butyl chloride becomes vigorous (about 100-1 io°) . Sulfur 
dioxide is evolved copiously during this time. The condenser is 
replaced with a 40-cm. Vigreux column and downward condenser, 
and the temperature gradually raised to 130-135 and kept there 
until no more sulfur dioxide or butyl chloride distils. The heat- 
ing and distillation require about two hours. The residue of 
crude w-butyl sulfate is cooled to room temperature, and 100 cc. 
of saturated sodium carbonate solution is added. The mixture 
is stirred for about ten minutes, poured into a separatory funnel, 
and let stand for thirty minutes to allow the layers to separate. 
The upper layer is dried with calcium chloride, at least overnight, 
and then allowed to stand over 15 g. of anhydrous sodium or 
potassium carbonate for a day, with occasional shaking. The 
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product is filtered into a 500-cc. modified Claisen flask with a 
25-cm. fractionating sidearm, and distilled from an oil bath. 
The first distillation gives 250-280 g. (74-83 per cent of the cal- 
culated amount) of w-butyl sulfate, b.p. no-114 at 4 mm., 
which has a sharp odor. Redistillation gives a pure material 
with a slight ester odor, boiling at 109-111° at 4 mm., with only 
a small mechanical loss (Note 2) . 

2. Notes 

1. Commercial sulfuryl chloride was redistilled and the frac- 
tion boiling at 69-70 was used. 

2. The submitters report that w-propyl sulfate may be pre- 
pared in similar fashion, the yield being about 66-70 per cent. 
The second distillation in this case should be done through a 
short column to remove higher-boiling material ; «-propyl sulfate 
distils at 88-9 1° at 4 mm. 

3. Methods of Preparation 

tt-Butyl sulfate has been prepared by the action of «-butyl 
chlorosulfonate upon w-butyl orthoformate or « -butyl sulfite. 1 
It has been obtained also by oxidation of w-butyl sulfite with 
potassium permanganate in glacial acetic acid solution. 2 The 
method described above appears to be the most satisfactory for 
laboratory-scale preparations. 

1 Levaillant, Compt. rend. 197, 648 (1933); Barkbenbus and Owen, J. Am 
Chem. Soc, 06, 1204 (1934). 

2 Evans, Ph.D. Dissertation, Northwestern University, 1935. 



XI 
n-BUTYL SULFITE 

2C 4 H y OH + S0C1 2 -> (C4H 9 ) 2 S0 3 + 2HCI 

Submitted by C. M. Suter and H. L. Gerhart. 
Checked by C. R. Noixer and M. Synerholm. 

1. Procedure 

In a 2-1. thrcc-necked flask fitted with a mercury-sealed 
stirrer, thermometer, condenser, and dropping funnel, is placed 
684 g. (845 cc, 9.24 moles), of dry w-butyl alcohol (Note 1). 
The condenser is connected to a trap for absorbing hydrogen 
chloride, and 500 g. (4.2 moles) of thionyl chloride (Note 2) is 
added over a period of two hours, with stirring. The reaction 
mixture is kept at 35-45 , by immersing the flask in ice water, 
during the addition of the first half of the thionyl chloride 
(Note 3). After evolution of hydrogen chloride begins, the 
water bath is removed and a small flame applied to maintain this 
temperature. After all the thionyl chloride has been added the 
temperature is raised gradually to the boiling point, over a period 
of thirty minutes, to complete the reaction and remove the 
remainder of the hydrogen chloride. The reaction mixture is 
then transferred to a i-l. modified Claisen flask with a 25-cm. 
fractionating side arm, and fractionated under diminished 
pressure. After a fore-run consisting largely of unchanged 
alcohol, there is obtained 625-689 g. (77-84 per cent of the cal- 
culated amount) of w-butyl sulfite, b.p. 109-115 at 15 mm. 
Refractionation gives 585-674 g. (72-82 per cent) of a product 
distilling at 109-112° at 14 mm. (Note 4). 
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2. Notes 



i. Commercial »-butyl alcohol was dried by distillation 
through a column; the fore-run and a small fraction collected 
after the vapors reached 117 were discarded. 

2. Commercial thionyl chloride was redistilled, and the 
fraction boiling at 78-80° was employed. 

3. Considerable heat is evolved until gas evolution begins, 
after which heat is absorbed. 

4. The submitters report that M-propyl sulfite is obtained 
from «-propyl alcohol in somewhat smaller yields, by the same 
procedure. 

3. Methods of Preparation 

The method used is essentially that of Voss and Blanke. 1 
»-Butyl sulfite has also been made by the action of sulfur 
chloride on butyl alcohol. 2 

1 Voss and Blanke, Ann. 4SS, 258 (1931); Barkenbus and Owen, J. Am. Cbem 
Soc. 56, 1204 (1934). 

2 Bert, Compt. rend. 178, 1827 (1924), 



XII 

COPPER CHROMITE CATALYST 
(Copper-Chromium Oxide) 



Cu(N0 3 ) 2 
Ba(N0 3 ) 2 
(NH 4 ) 2 Cr0 4 



Complex 
Chromates 



ignition CuCr 2 04 

> BaCr 2 4 

(Note i) 



Submitted by W. A. Laziee and H. R. Arnold. 
Checked by R. L. Shriner and J. F. Kaplan. 



1. Procedure 



A mixture of 26 g. (0.1 mole) of c.p. barium nitrate and 
800 cc. of distilled water is warmed to 70 . After solution is 
complete 218 g. (0.9 mole) of c.p. cupric nitrate trihydrate is 
added and the mixture stirred at 70 until a clear solution results 
(Note 2). 

A solution of ammonium chromate is prepared by dissolving 
126 g. (0.5 mole) of c.p. ammonium dichromate in 600 cc. of 
distilled water and adding 150 cc. of 28 per cent aqueous ammonia 
(sp. gr. 0.9) (Note 3). The warm solution of the nitrates is 
stirred (hand stirring is adequate) while the ammonium chromate 
solution is poured into it in a thin stream. The stirring is con- 
tinued for a few minutes, after which the reddish brown pre- 
cipitate of copper barium ammonium chromate is collected 
(Note 4) and pressed in a 16-cm. Biichner funnel, and dried at 
110 . This dry precipitate is placed in a loosely covered nickel 
pan (Note 5), or one or two small porcelain casseroles covered 
with watch glasses, and heated in a muffle furnace for one hour 
at 350-450° (Note 6). At this point the yield of chromite should 
be about 160 g. The ignition residue is pulverized in a mortar 
to break up any hard lumps that may be present (Note 7) and 
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then transferred to a 2-1. beaker containing 1200 cc. of 10 per 
cent acetic acid. After being stirred for ten minutes the mixture 
is allowed to settle. After about ten minutes, two-thirds or 
more of the spent acid solution is decanted and replaced by 
1200 cc. of fresh 10 per cent acetic acid, and the extraction 
repeated. The residue is washed by repeating the extraction 
procedure four times with 1200 cc. of distilled water each time 
(Note 8). The insoluble portion is collected by filtering with 
suction on a Buchner funnel, dried at no°, and ground in a 
mortar to a fine black powder (Note 9). The yield is T30-140 g. 
(Notes 10 and n). 

2. Notes 

1. The reactions involved in this preparation cannot be 
expressed quantitative!}' in a simple equation. The process has 
been investigated by Groger. 1 

2. Barium nitrate is sparingly soluble in cold water and 
even less soluble in copper nitrate solution. It is therefore 
necessary to heat the mixture in order to bring both salts into 
solution together. 

3. The warm, freshly prepared ammonium chromate solu- 
tion may be used for the precipitation at once or may be allowed 
to cool to room temperature. However, the solution prepared 
as indicated is supersaturated at room temperature and deposits 
crystals on standing. If a stock solution of ammonium chromate 
is to be held over from day to day, a portion of the ammonia 
should be withheld and added immediately before precipitation. 
Chromic acid may be used for the preparation of the ammonium 
chromate solution provided the acid solution is kept cold while 
introducing a sufficient quantity of ammonia below the surface. 

4. The amount of ammonia used is calculated to give a 
mother liquid that is neutral to litmus, allowance being made for 
the basic character of the precipitate. While a deviation either 
way affects the yield adversely, it is better not to try to adjust 
the end point after precipitation, but to make a slight correction 
on the amount of ammonia to be used for the next batch. The 
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mother liquor serves as its own indicator: if acid, the solution 
is yellow; if alkaline, a deep green. 

5. A convenient-sized pan, 6 cm. deep, 19 cm. long, and 
10 cm. wide, can be made from a sheet of nickel 1/32 inch thick. 

6. The ignition of copper ammonium chromate causes a 
spontaneous exothermic reaction which proceeds with a rapid 
evolution of gas. Although the size of the charge ignited at 
one time is unimportant, the retaining vessels should not be too 
full, else there will be considerable mechanical loss of product. 
It is also inadvisable to break up the lumps of dried precipitate, 
as the lumpy condition diminishes spraying of the chromite on 
ignition. 

7. The unextracted catalyst should be a bluish black, friable 
powder. It is a satisfactory catalyst for the dehydrogenation 
of alcohols and for the less difficult hydrogenation reactions, 
such as the reduction of nitro compounds. This mixture of 
copper chromite and copper oxide is somewhat less active and 
more susceptible of reduction to metallic copper than the catalyst 
from which the copper oxide has been removed by acid extraction. 

8. If the washing is unduly prolonged, the catalyst tends to 
become colloidal and is difficult to separate either by decanta- 
tion or filtration. 

9. No special precautions are necessary in handling or storing 
the copper chromite catalyst, since it is unharmed by exposure 
to air or moisture. 

10. Barium has been included as a catalyst component on 
account of its protective action against sulfate poisoning and 
its reported stabilization of the catalyst against reduction. 
Alternatively, the above procedure may be used for the prepara- 
tion of a copper chromite catalyst containing no barium. In 
this case the barium nitrate is omitted and 242 g. (1 mole) of 
copper nitrate is used. All other details are the same as given 
above. 

1 1 . An alternative procedure described by Adkins 2 is as 
follows. Thirty-one grams of barium nitrate is dissolved in 
820 cc. of distilled water which has been heated to 8o°. To this 
hot solution is added 260 g. of copper nitrate trihydrate, and the 
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mixture is stirred and heated until solution is complete. Mean- 
while, 151 g. of ammonium dichromate is dissolved in 600 cc. of 
distilled water and 225 cc. of 28 per cent aqueous ammonia 
added. The hot nitrate solution is poured in a thin stream with 
stirring into the ammonium chromate solution, The orange 
precipitate is collected on a filter, pressed, and sucked as dry as 
possible. It is dried in an oven at 75-80 for twelve hours, 
pulverized, and divided into three portions. Each portion is 
decomposed separately in a large porcelain casserole (15-cm. 
diameter) by heating over a free flame. The mass should be 
heated just hot enough to cause decomposition to take place at 
the minimum temperature. During the decomposition the 
powder is stirred continuously with a steel spatula, and the 
heating is regulated so that the evolution of gases does not 
become violent. This is accomplished by heating only one side 
of the casserole and by increasing the rate of stirring when the 
decomposition starts to spread throughout the mass. During 
this process the color of the powder changes from orange to 
brown and finally to black. When the entire mass has become 
black the evolution of gases ceases, and the powder is removed 
from the casserole and allowed to cool. The combined product 
is then stirred for thirty minutes with 600 cc. of 10 per cent 
acetic acid solution, collected on a filter, washed by suspending 
it six times in 100-cc. portions of water, dried for twelve hours 
at 125 , and pulverized. The yield of catalyst is 170 g. 

3. Methods of Preparation 

Copper chromite has been made by the ignition of basic 
copper chromate at a red heat and by the thermal decomposi- 
tion of copper ammonium chromate. 1 The procedure given 
here is a modification of the latter method :i in which barium 
ammonium chromate is also incorporated. 4 Copper-chromium 
oxide hydrogenation catalysts have also been prepared by grind- 
ing or heating together copper oxide and chromium oxides, by 
the decomposition of copper ammonium chromium carbonates 
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or copper-chromium nitrates, ' and by the low-temperature 
ignition of copper ammonium chromates. 6 

i Groger, Z. anorg. Chem. 58, 412 (1908); 76, 30 (1912). 

2 Adkins, "Reactions of Hydrogen with Organic Compounds over Copper- 
Chromium Oxide and Nickel Catalysts," p. 12, University of Wisconsin Press, 
Madison, 1937. 

'Lazier, U.S. pats. 1,746,782 and 1,746,7831c. A,, 24, 1649 (1930)]; U. S. pat. 
1,964,000 [C. A. 28, 5075 (1934)]. 

'Connor, Folkers, and Adkins, J. Am. Chem. Soc. 53, 2012 (1931); 64, 1138 

(i93 2 )- 

5 Calingaert and Edgar, Ind. Eng. Chem. 20, 878 (1934). 



XIII 

CYCLOHEXYLBENZENE 

(Phenylcyclohexane) 

H a cx >ch + c 6 h 6 4 

X CH 2 — CH 2 / /CH 2 — CH 2x 

H 2 C< >CHC 6 H 5 

x:h 2 — ch 2 / 

Submitted by B. B. Corson and V. N. Ipatieff. 
Checked by John R. Johnson and E. A. Cleveland. 

1. Procedure 

In a i-l. three-necked flask equipped with a mechanical 
stirrer, dropping funnel, and thermometer are placed 468 g. 
(530 cc, 6 moles) of benzene and 92 g. (50 cc.) of concentrated 
sulfuric acid (sp. gr. 1.84). The mixture is cooled in an ice bath, 
and 164 g. (203 cc, 2 moles) of cyclohexenc (Org. Syn. Coll. 
Vol. I, 177) is added with stirring over a period of one and one- 
half hours, while the temperature is maintained between 5 and 
io°. Stirring is continued for an additional hour after all the 
cyclohexene has been added. 

The hydrocarbon layer is separated, cooled in ice, and washed 
with four 50-cc. portions of cold concentrated sulfuric acid 
(Note 1). The material is then washed twice with warm water 
(50 ), twice with 3 per cent sodium hydroxide solution, and 
twice with pure water (Note 2). The hydrocarbon mixture is 
dried over anhydrous calcium chloride (Note 3) and subjected 
twice to fractional distillation, using a 30-cm. Vigreux or similar 
column, and the cyclohexylbenzene is collected at 238-243° 
(uncorr.)/76o mm. (Notes 4 and 5). The yield is 210-220 g. 
(65-68 per cent of the theoretical amount) . 

36 
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2. Notes 



i. The purpose of the sulfuric acid is to convert dicyclohexyl 
sulfate to cyclohexyl hydrogen sulfate, which is removed by the 
subsequent washing operations. 

2. To avoid emulsification as much as possible it is advan- 
tageous to use warm water rather than cold, and dilute alkali 
rather than concentrated. The milkiness of the aqueous wash 
liquid represents only a very small loss of material. 

3. It is well to allow suspended water to settle by standing 
overnight and separate again before adding the drying agent. 

4. In a typical preparation the fractions collected during the 
second distillation were as follows: 78-85 , 296 g.; 85-235°, 
2 g.; 235-238 , 2 g.; 238-243 ° 215 g.; 243-265 , 2 g.; residue 
above 265 , 46 g. 

5. The distillation residue becomes semi-solid on cooling 
owing to the separation of 1,4-dicyclohexylbenzene. The latter 
may be recovered by filtering with suction, washing with methyl 
alcohol, and crystallizing from acetone (using 4 cc. of acetone 
per gram of the crude solid). The yield of purified dicyclohexyl- 
benzene, m.p. 100-101 , is 15-24 g. 

3. Methods of Preparation 

Cyclohexylbenzene has been prepared by the hydrogenation 
of biphenyl 1 and of cyclohexenylbenzene 2 over nickel, by the 
reaction of cyclohexyl chloride 3 or bromide 4 with benzene in 
the presence of aluminum chloride, and by the addition of 
benzene to cyclohexene in the presence of aluminum chloride, 5 
sulfuric acid, 6 or boron halides. 7 

1 Eijtman, Chem. Weekblad 1, 7 (1903). 

5 Sabatier and Murat, Compt. rend. 154, 1390 (1912). 

3 Kursanoff, Ann. 318, 309 (1901). 

4 Braun, Ber. fiO, 1180 (1927). 

6 Bodroux, Ann. chim. (10) 11, 511 (1929); Berry and Reid, J. Am. Chem. Soc. 
19, 3142 (1927); Corson and Ipatieff, ibid. 69, 645 (1937). 

6 Deschauer, Ger. pat. 515,177 [Chem. Zentr. 1931, 1, 1829]; Truffault, Compt. 
rend. 202, 1286 (1936); Corson and Ipatieff, J. Am. Chem. Soc. 59, 645 (1937). 
7 Hofmann and Wulff, Brit. pat. 307,802 [Chem. Zentr. 1929, II, 2101]. 



XIV 

DICHLOROACETIC ACID 

(NaCN) 
2 CC1 3 CH(0H) 2 + 2CaC0 3 -> 

(CHCl 2 C0 2 )2Ca + 2CO2 + 2H £ + CaCl 2 
(CHCl 2 C0 2 ) 2 Ca + 2HCI -> CaCl 2 + 2CHCI2CO2H 

Submitted by Arthur C. Cope, John R. Clark and Ralph Connor. 
Checked by R. L. Shriner and Neil S. Moon, 

1. Procedure 

A solution of 250 g. (1.51 moles) of chloral hydrate (Note 1) 
in 450 cc. of warm water (50-60 ) is placed in a 3-I. round- 
bottomed flask bearing a reflux condenser and thermometer 
(Note 2). The condenser is temporarily removed and 152.5 g. 
(1.52 moles) of precipitated calcium carbonate added; this is 
followed by 2 cc. of amyl alcohol (Note 3) and a solution of 10 g. 
of sodium cyanide (Note 4) in 25 cc. of water. Although the 
reaction is exothermic, the reaction mixture is heated with a 
low flame so that it reaches 75 in about ten minutes; at this 
point heating is discontinued. The temperature continues to 
rise to 80-85 ° during five to ten minutes and then drops. As 
soon as the temperature begins to fall the solution is heated to 
boiling and refluxed for twenty minutes. The mixture is then 
cooled to 0-5 in an ice bath, acidified with 215 cc. of concen- 
trated hydrochloric acid (sp. gr. 1.18) and extracted with five 
100-cc. portions of ether (Note 5). The combined ether extracts 
are dried with 20 g. of anhydrous sodium sulfate, the ether is 
removed by distillation from a steam bath, and the residue dis- 
tilled in vacuum from a Claisen flask with a fractionating side 
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arm (Note 6). The yield of dichloroacetic acid, b.p. 99-104° 
at 23 mm., is 172-180 g. (88-92 per cent of the theoretical) 
(Note 7). 

2. Notes 

1. The chloral hydrate was of u.S.p. quality. 

2. The amount of hydrogen cyanide evolved is small, and 
the reaction may be carried out in a hood without any special 
device for removing this gas. The use of mechanical stirring 
does not improve the results. 

3. Amyl alcohol is added to decrease the amount of foaming. 

4. The sodium cyanide was a technical grade. 

5. The emulsion which often forms during the ether extrac- 
tion may be broken by filtering through a fluted filter or with 
suction. 

6. The product decomposes when distilled at atmospheric 
pressure. 

7. The preparation has been carried out with equally good 
results using double the quantities given above. 



3. Methods of Preparation 

Dichloroacetic acid has been prepared by the chlorination of 
acetic 1 or chloroacetic 2 acid, by hydrolysis of pentachloro- 
ethane, 3 from trichloroacetic acid by electrolytic reduction 4 
or the action of copper, 5 and by the action of alkali cyanides on 
chloral hydrate. 6 The method described here is essentially that 
of Delepine. 7 

'Mtiller, Ann. 133, isg (1865), U. S. pat. 1,921,717 (1933) [C. A. 27, 5084 
(i933)]. 

'Maumenf, Compt. rend.S9, 84 (1864). 

3 Fr. pat. 773,623 (1934) [C. A. 29, 1437 (1935)]- 

'Brand, Ger. pat. 246,661 (ign) [C. A. 6, 2496 (1912)]. 

' Doughty and Black, J. Am. Chem. Soc. 47, 1091 (1925); Doughty and Derge, 
ibid., 53, 1594(1931). 

? Wallach, Ann. 173, 288 (1874); Pucher, J. Am. Chem. Soc. 42, 2251 (1920); 
Chattaway and Irving, J. Chem. Soc. 1929, 1038. 

7 Delepine, Bull. soc. chim. (4) 46, 827 (1929). 



XV 

j>-DINITROBENZENE 

P-NO2C6H4NH2 + HN0 2 + HBF 4 ^^-N0 2 C 6 H 4 N2BF 4 + 2H2O 
^-N0 2 C6H4N 2 BP4 + NaN0 2 ^-> ^-C 6 H4(N0 2 )2 + N 2 + NaBF 4 

Submitted by E. B. Stahkey. 

Checked by Lee Irvin Smith and H. E. Ungnade. 

1. Procedure 

Thirty-tour grams (0.25 mole) of ^-nitroaniline is dissolved 
in no cc. of fluoboric acid solution (Note 1) in a 400-cc. beaker. 
The beaker is placed in an ice bath and the solution stirred with 
an efficient stirrer. A cold solution of 17 g. (0.25 mole) of sodium 
nitrite in 34 cc. of water is added dropwise. When the addition 
is complete, the mixture is stirred for a few minutes and filtered 
by suction on a sintered glass filter. The solid diazonium fluo- 
borate is washed once with 25-30 cc. of cold fluoboric acid, twice 
with 95 per cent alcohol, and several times with ether (Note 2). 
The product weighs 56-59 g. (95-99 per cent of the theoretical 
amount). 

Two hundred grams of sodium nitrite is dissolved in 400 cc. 
of water in a 2d. beaker, and 40 g. of copper powder is added 
(Note 3). The mixture is stirred with an efficient stirrer 
(Note 4), and a suspension of the ^-nitrophenyldiazonium fluo- 
borate in 200 cc. of water is added slowly. Much frothing occurs, 
and 4-5 cc. of ether is added from time to time to break the foam. 
The reaction is complete when all the diazonium compound has 
been added. The product is filtered with suction, washed 
several times with water, twice with dilute sodium hydroxide 
solution, and again with water. The solid is dried in an oven at 
no , powdered, and extracted with 300-cc, 200-cc, and 150-cc. 
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portions of boiling benzene. The benzene is evaporated on a 
water bath, and the residue is crystallized from 120-150 cc. of 
boiling glacial acetic acid. The resulting reddish-yellow crystals, 
melting at 1 7 2-1 73 °, weigh 28-34.5 g. (67-82 per cent yield) 
(Note 5). Recrystallization from alcohol yields pale yellow 
crystals melting at 173 . 

2. Notes 

1. Fluoboric acid is made by adding 184 g. of boric acid 
slowly, with constant stirring, to 450 g. of hydrofluoric acid 
(48-52 per cent) in a copper, lead, or silver-plated container 
placed in an ice bath. 

2. A sintered glass filter should be used for filtering, and the 
fluoborate stirred well on the filter with each washing, before 
suction is applied. The diazonium fluoborate is stable and may 
be dried in a vacuum desiccator over phosphorus pentoxide. 

3. The copper used was "Copper metal, precipitated 
powder." 

4. In the decomposition reaction, efficient stirring is quite 
essential. An off-center stirrer is best suited for the purpose. 
The reaction should require about two hours. Less efficient 
stirring and a shorter reaction time cause the formation of an 
impure product which is not readily purified by crystallization. 

5. o-Dinitrobenzene may be prepared from o-nitroaniline by 
the same general method. From 34 g. (0.25 mole) of the amine 
there is obtained 38 g. (63 per cent yield) of dry o-nitrobenzene- 
diazonium fluoborate. After carrying out the reaction of the 
diazonium fluoborate with sodium nitrite and copper, the 
o-dinitrobenzene is separated by steam distillation instead of 
nitration and extraction. A little paraffin is added to diminish 
the troublesome foaming and creeping during distillation, and a 
special flask (Note 6) designed for such operations may be used 
advantageously. The crystalline product is filtered from the 
steam distillate and recrystallized from alcohol. The yield of 
o-dinitrobenzene, m.p. 116-116.5 , is 14-16 g. (33-38 per cent 
of the theoretical amount). 
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6. A Claiscn flask modified as shown in Fig. i is used in the 
synthetic laboratories of the Eastman Kodak Company for the 
distillation of liquids which foam and creep badly. The large 




Fig. 1. 

bulb inserted in the side arm should have a capacity about one- 
third that of the distillation flask. During distillation the flask 
is supported at the angle shown in the figure. 

3. Methods of Preparation 

^-Dinitrobenzene has been prepared from ^-nitrosonitro- 
benzene by treatment with nitric acid; 1 from ^-nitroaniline by 
the Sandmeyer reaction; 2 and by the oxidation of ^>-nitroaniline 
in concentrated sulfuric acid with ammonium persulfate. 3 
0-Dinitrobenzene has been prepared in similar fashion from 
o-nitroaniiine by the Sandmeyer reaction 4 and by oxidation 
with persulfate. 3 The preparation described above has been 
published recently. 5 

1 Bamberger and Hubner, Ber. 36, 3808 (1903). 

s Meisenheimer and Patzig, ibid. 39, 2526 (1906). 

3 Witt and Kopetschni, ibid. 45, 1134 (1912). 

* Korner and Contardi, Atli accad. Lincei (5) 23, 1, 283 (1914). 

5 Starkey, J. Am. Chem. Soc. 59, 1479 (1937). 
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ETHYL BENZOYLDIMETHYLACETATE 

(Ethyl a-Benzoyl-Mo-butyrate) 

(CH 3 ) 2 CH— C0 2 C 2 H s + NaC(C 6 H 5 ) 3 

-> Na[(CH 3 ) 2 CC0 2 C 2 H 5 ] + HC(C H 5 ) 3 

CaH 5 COCl + Na[(CH 3 ) 2 CC0 2 C 2 H 5 ] 

-* C 6 H 5 COC(CH3)2C02C 2 H s + NaCI 

Submitted by C. R. Hauser and W. B. Renfrew, Jr. 
Checked by Lee Irvin Smith and E. C. Ballard. 

1. Procedure 

To a freshly prepared solution of 0.187 rnole of triphenyl- 
methylsodium (p. 83), contained in the flask into which it was 
transferred after preparation, is added 21.7 g. (25 cc; 0.187 mole) 
of pure ethyl iso-butyrate (Note 1). The mixture is shaken, and, 
after standing at room temperature for ten minutes, a solution 
of 26 g. (21.5 cc; 0.186 mole) of pure benzoyl chloride in 50 cc. 
of dry ether is added, with shaking. The mixture becomes 
warm, and a white precipitate of sodium chloride separates 
immediately. After standing at room temperature for several 
hours the mixture is heated on a water bath and ether is distilled 
until the volume is reduced to 300-400 cc. A solution of 5 g. 
(5 cc.) of acetic acid in 300 cc. of water is added, and the mixture 
is shaken in a separatory funnel until two homogeneous layers 
separate on standing. The aqueous layer is drawn off and 
discarded; the ethereal layer is shaken with 10 per cent sodium 
carbonate solution and dried over calcium chloride or Drierite. 
The solution is filtered from the drying agent and distilled on a 
water bath until most of the ether is removed. The residue is 
cooled in a refrigerator, and the triphenylmethane which crystal- 
lizes is filtered with suction and washed with several small 
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portions of dry ether. The filtrate, after removal of ether, is 
distilled under reduced pressure and all material boiling up to 
180 at 15 mm. collected. The distillate is redistilled and the 
fraction boiling up to 160 at 15 mm. is subjected to a final 
redistillation. There is obtained 20.5-22.5 g. (50-55 per cent 
of the theoretical amount) of ethyl benzoyldimethylacetate, 
b.p. 146-148 at 15 mm. or 133-135° at 9 mm. (Note 2). 

2. Notes 

1. It is essential to use pure reagents. Commercial ethyl 
isobutyrate may be purified satisfactorily by washing with 
10 per cent sodium carbonate solution, drying over Drierite for 
several days, and fractionating through an effective column; 
material boiling over a one-degree range (110-111 ) is recom- 
mended for this preparation. Benzoyl chloride was purified by 
distillation under reduced pressure, and a fraction collected over 
less than a two-degree range was used. 

2. The submitters report that ethyl Mo-butyryl-wo-butyrate 
(ethyl a,a,7,7-tetramethylacetoacetate) may be prepared in a 
similar manner, using wo-butyryl chloride instead of benzoyl 
chloride. The yield of this ester, b.p. 94.5-95.5° at 18 mm., is 
about 55 per cent of the theoretical. 

3. Method of Preparation 

The procedure described above is a modification of the 
method of Scheibler and Stein. 1 

1 Scheibler and Stein, J. prakt. Chem (2) 139, 105 (1934). 



XVII 
ETHYL HYDROGEN SEBACATE 

(HC1) 
H0 2 C-(CH 2 )8— C0 2 H + C 2 H 5 OH > 

C 2 H 5 2 C— (CH 2 ) 8 — C0 2 H + H 2 

Submitted by Sherlock Swann, Jr., Rene Oehler, and R. J. Bdswell. 
Checked by Lee Irvin Smith and J. W. Clegg. 

1. Procedure 

In a i-l. modified Claisen flask (Note 1), the side arm of 
which is corked, is placed a mixture of 202 g. (1 mole) of sebacic 
acid, 150 g. (o 5$ mole) of diethyl sebacate (Note 2), 50 cc. of 
di-»-butyl ether (Note 3), and 30 g. (25 cc.) of concentrated 
hydrochloric acid (sp. gr. 1.19). A reflux condenser is connected 
to the top of the distilling flask. 

The flask is heated in a Wood's metal bath at 160-170 until 
the mixture is completely homogeneous. The temperature of 
the bath is then lowered to 120-130 , and 60 cc. (1 mole) of 
95 per cent ethyl alcohol is added to the solution through the 
condenser. The mixture is allowed to reflux for two hours. At 
the end of this period an additional 20-cc. portion of ethyl alcohol 
is poured into the solution and refluxing is continued for two 
hours longer. 

The Wood's metal bath is allowed to cool to about 75 and 
the reaction mixture is subjected to distillation under reduced 
pressure, using a water pump (Note 4). The temperature of the 
bath is increased slowly and distillation is continued, with a 
water pump, until the bath reaches a temperature of about 125°. 
The bath is again cooled to 75-80 and the distillation is con- 
tinued at lower pressure, using an oil pump. 
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The first fractions consist of a little alcohol, water, and 
di-M-butyl ether (Note 5). The next fraction is diethyl sebacate, 
b.p. 156-158° at 6 mm. (Note 6). Ethyl hydrogen sebacate is 
collected at 183-187 at 6 mm. The product melts at 34-36 
and weighs 1 14-124 g. (50-54 per cent of the calculated amount, 
based on the sebacic acid used). Refracfionation of the fore-run 
(b.p. i75-i83°/6 mm.) and after-run (b.p. i87-io.5°/6' mm.) 
gives an additional 24-26 g. of pure monoester. The total yield 
is 138-150 g. (60-65 per cent of the theoretical amount) (Notes 
7 and 8). 

2. Notes 

1. The column of the flask should be at least 35 cm. in length 
and well insulated. Wrapping the column with 10-mm. asbestos 
rope is satisfactory. 

2. The addition of diester at the beginning of the reaction 
decreases its formation from the reactants so that the monoester 
becomes the main product. 

Diethyl sebacate is prepared conveniently by refluxing 130 g. 
(0.65 mole) of sebacic acid with 250 g. of ethyl alcohol and 25 cc. 
of concentrated sulfuric acid. The yield is about 90 per cent, 
and the product boils at 1 56-1 58° at 6 mm. 

3. Di-w-butyl ether is used in preference to other possible 
compounds because it permits the formation of a homogeneous 
reaction mixture. 

4. At the beginning of the distillation the liquid in the flask 
foams excessively. It is advisable, therefore, to reduce the pres- 
sure gradually and not to use low pressures until the foaming 
subsides. 

5. The di-M-butyl ether may be recovered in pure condition 
by a simple distillation after the water has been separated from it. 

6. After the diethyl sebacate has distilled, it is well to drain 
the cooling water from the condenser in order to prevent the 
monoester from solidifying before reaching the receiver. The 
recovered diethyl sebacate weighs 150-175 g. and may be used 
directly in a subsequent preparation. 

7. In subsequent runs the distillation residue is allowed to 
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remain in the flask. In this way the yield is increased to 70-77 
per cent for runs of one and two moles. 

8. The submitters report that ethyl hydrogen adipate, b.p. 
I 5S -I S7° a t 7 mm -> nas been prepared in 71-75 per cent yields 
on a one-mole scale by the same procedure. 

3. Methods of Preparation 

Ethyl hydrogen sebacate has been prepared by the direct 
esterification of sebacic acid with ethyl alcohol, 1 by the half- 
saponification of diethyl sebacate, 2 and by heating equimolecular 
quantities of sebacic acid and diethyl sebacate for several hours. 3 

1 Neison, J. Chem. Soc. 29, 319 (1876). 

2 Walker, ibid. 61, 713 (1892); Brown and Walker, Ann. 261, 125 (1891). 
a Fourneau, Bull. soc. chim. (4) 43, 859 (1928); (4) 45, 834 (1929). 



XVIII 

HEXAMETHYLENE GLYCOL 
(1,6-Hexanediol) 

/COaCjHs (Cu cr, 0< ) , /CH 2 OH 

(CH 2 ) 4 < + 4H2 >■ (CH 2 )< + 2C 2 H s OH 

x C0 2 C 2 H 5 x CH 2 OH 

Submitted hy W. A. Laziee, J. W. Hue, and W. J. Amend. 
Checked by R. L. Shriner and J. F. Kaplan. 

1. Procedure 

In a steel reaction vessel (Note 1), capable of withstanding 
high pressures with an adequate safety factor (Note 2) and hav- 
ing a capacity of 400 cc. or more, are placed 252 g. (1.25 moles) 
of ethyl adipate (b.p. i44-i45°/ 2 9 mm.) (Org. Syn. 17, 32) and 
20 g. of copper chromite catalyst, prepared either with or with- 
out the addition of barium (p. 31). The reaction vessel is closed, 
made gas tight, and secured in a suitable agitating device. After 
connection is made with the hydrogen supply, hydrogen is intro- 
duced until a pressure of 2000 to 3000 lb. per sq. in. is reached 
(Note 2). 

Agitation is started, and the reaction system is heated as 
rapidly as possible to 255°. The temperature is maintained at 
2 55° (Note 3), and hydrogenation is continued until hydrogen 
absorption is complete (Note 4). The agitation is now stopped, 
the vessel cooled, and the pressure released. With the aid of 
four 25-cc. portions of 95 per cent alcohol the contents is trans- 
ferred to a 600-cc. beaker, The catalyst is removed by filtering 
or centrifuging, and is washed with four more 25-cc. portions of 
alcohol (Note 5). To the reaction product (Note 6), 50 cc. of 
40 per cent sodium hydroxide solution is added, and the alcoholic 
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solution is boiled for two hours under a reflux condenser. The 
mixture is transferred to a i-l. distilling flask and the alcohol 
removed by distilling to a vapor temperature of 95 . The hot 
residue is transferred to an apparatus for the continuous extrac- 
tion of liquids (Org. Syn. 10, 104), using 50 cc. of water to rinse 
the flask, and the solution is exhaustively extracted with ether 
(Note 7) . The ether is distilled, and, after the removal of water 
and alcohol, the glycol is distilled under reduced pressure in a 
250-cc. Claisen flask. The yield is 125-132 g. (85-90 per cent 
of the theoretical amount). Hexamethylene glycol boils at 143- 
144° (bath at 160°) under 4 mm. pressure and melts at 41-42 . 



2. Notes 

1. Suitable reaction vessels and apparatus for agitation of 
the reaction mixture are commercially available ' or may be 
constructed. 3 

2. The pressure of hydrogen to be used is dependent upon 
the equipment available. Hydrogen in commercial cylinders is 
sold at a maximum pressure of 2000 lb. per sq. in. Special 
equipment for compressing hydrogen may be purchased at a 
reasonable price. ' The original pressure of hydrogen should not 
be more than 2000 lb. if the maximum working pressure of the 
equipment for hydrogenation is 5000 lb. If the working pressure 
is 10,000 lb. the original pressure in the reaction vessel may be 
as much as 3000 lb. The full operating pressure is not applied 
in the beginning since the pressure will rise as the reaction vessel 
is heated; thus, at 255 the pressure will be 1.8 times as high as 
it was at 20 . The pressure drops as hydrogenation proceeds; 
the progress of the reaction may be followed by the change in 
pressure readings, and completion of the reaction is indicated by 
the constancy of the pressure readings. 

3. The temperature is controlled preferably by an automatic 
controller operating through a relay which cuts off periodically 
the supply of electric current. 
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4. The time (six to twelve hours) required to complete the 
reaction is a function of the pressure of the hydrogen, activity of 
the catalyst, and purity of the ethyl adipate. Unless a high 
pressure of hydrogen is used originally or the reaction vessel is 
of large capacity (2 1 ) it will be necessary to introduce more 
hydrogen into the reaction vessel so that the pressure is never 
less than 1500 lb. per sq. in if the reaction is to run smoothly to 
completion. 

5. The catalyst is most readily removed by centrifuging. If 
this is not convenient, it may be collected on a sintered glass 
filter or Buchner funnel. 

6. At this point, the amount of unchanged ester present may 
be determined by obtaining the saponification value of the 
weighed mixture. This procedure is especially desirable when 
the condition of the apparatus with respect to the possible pres- 
ence of poisons is unknown, or a new preparation of catalyst is 
being used. 

After a batch of catalyst has been tested and the apparatus 
calibrated so that complete reduction is assured, it is possible 
to isolate the glycol by fractional distillation at this stage. 

7. The time required for complete extraction varies from 
twenty four to fifty hours. It depends on the design of the 
apparatus and the rate of distillation of the ether. The extrac- 
tion can be followed by observing the decrease in volume of the 
aqueous layer containing the glycol. The extraction is complete 
when the evaporation of a small amount of the supernatant ether 
on a watch glass leaves no residue. Benzene may be substituted 
for ether in the extraction step. 



3. Methods of Preparation 

Hexamethylene glycol has been prepared by treating hexa- 
methylene iodide with silver acetate and hydrolyzing the acetate, 4 
by hydrolyzing the bromide, 5 by reducing ethyl adipate with 
sodium and alcohol, 6 and by the method here described. 7 The 
catalytic hydrogenation over copper-chromium oxide of the 
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carbethoxy group to the carbinol group is a very useful and 
general method for the preparation of mono- and dihydric alco- 
hols. 3,8 

1 American Instrument Company, Silver Springs, Maryland. 

2 Parr Instrument Company, Moline, Illinois. 

3 Adkins, Ind. Eng. Chem. Anal. Ed. 4, 342 (1932); "Reactions of Hydrogen 
with Organic Compounds over Copper-Chromium Oxide and Nickel Catalysts," 
pp. 29-39, University of Wisconsin Press, Madison, Wisconsin, 1937. 

4 Hamonet, Bull. soc. chim (3) 33, 533 (1905). 

'Haworthand Perkin, J. Chem. Soc. 65, 591 (1894). 

6 Bouveault and Blanc, Compt. rend 137, 328 (1903), Bull soc chim (3) 31, 
1203 1 1 904). 

7 La2ier, U. S. pat. 2,079,414 [C. A 31, 4340 (1937)]; U. S pat. 2,137,407 (1938). 
8 Adkins and Folkers, J. Am. Chem. Soc. S3, 1095 ^931); 54, 1145 (1932); 

Wojcik and Adkins, ibid. 55, 4939 (1933). 



XIX 
5-IODOANTHRANILIC ACID 

/\c0 2 H l/\C0 2 H 

+ IC1 -» | + HC1 

NH 2 



V 1 



V 



NH 2 



Submitted by V. H. Wallingford and Paul A. Keuegee. 
Checked by F. C. Whitmore and L. H. Sutherland. 



1. Procedure 

In a 3-I. beaker, no g. (0.8 mole) of anthranilic acid (Note 1) 
is dissolved in 1 1. of water and 80 cc. of c.p. concentrated hydro- 
chloric acid (sp. gr. 1.19), and the solution is cooled to 20° In 
a 2-1. beaker a solution of iodine monochloride in hydrochloric 
acid is prepared by diluting 140 cc. of c.p. concentrated hydro- 
chloric acid with 500 cc. of cold water, adding just sufficient 
crushed ice to bring the temperature to 5°, and, during about 
two minutes, stirring in 131 g. (0.8 mole) of iodine monochloride 
(Org. Syn. 12, 29). 

The iodine monochloride solution at 5 is stirred rapidly into 
the anthranilic acid solution at 20 . 5-Iodoanthranilic acid sep- 
arates almost immediately as a granular, tan to violet precipi- 
tate, and the reaction temperature rises to 18-22 . The mixture 
is stirred for an hour, while warming to room temperature, then 
filtered on a 13-cm. Biichner funnel. The acid is pressed as dry 
as possible, washed with three 100-cc. portions of cold water, and 
then dried at oo-roo°. There is obtained 185-189 g. (88-90 per 
cent yield) of brown to purple acid which melts at 185-190 , with 
decomposition (Note 2). 

5-Iodoanthranilic acid is best purified by recrystallization of 
its ammonium salt, as follows : To roo g. of the acid in a 400-cc. 
beaker is added 200 cc. of hot water, and the acid is dissolved by 
stirring in concentrated ammonia (sp. gr. 0.9) until solution is 
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complete at 6o° and there is a slight excess of ammonia. About 
40 cc. of concentrated ammonia is required. Sodium hydrosul- 
fite is added in about i-g. portions until no further bleaching 
action is observed, about 5 g. of decolorizing charcoal is added, 
and after stirring three minutes the mixture is filtered with suc- 
tion on a preheated Biichner funnel into a preheated flask. The 
filter is washed with 10 cc. of boiling water. 

The combined filtrate and washings are transferred to a 
400-cc. beaker, allowed to cool slowly without agitation until 
crystal formation appears complete, then cooled to 5 . The 
crystalline ammonium salt is then removed by suction filtration 
on a large Biichner funnel, washed with 15 cc. of ice water, 
sucked as dry as possible, and spread in a thin layer on an 
enameled or glass tray and allowed to dry in air at 35-50°. The 
yield of yellow to violet ammonium salt is 8o-8g g., representing 
a recovery of 76-84 per cent (Notes 3 and 4) . 

The ammonium salt is dissolved in three parts of hot water, 
ammonia is added if necessary to effect complete solution at 6o°, 
the solution is again treated with sodium hydrosulfite and 3-4 g. 
of decolorizing charcoal, filtered hot, and the 5-iodoanthranilic 
acid is precipitated by adding c.p. hydrochloric acid in 3- to 5-cc. 
portions, stirring thoroughly after each addition, until the reac- 
tion mixture is just faintly acid to Congo red. Ice is then added 
until the temperature is reduced to 20 , and the precipitated acid 
is removed by suction filtration, washed freely with cold water, 
and dried at 100-1 io° (Note 5). 5-Iodoanthranilic acid is almost 
quantitatively precipitated from its ammonium salt solution and 
is obtained as a yellow powder, m.p. 1 00-195° (decomp.) (Note 6) . 

2. Notes 

1. Commercial "Acid Anthranilic Sublimed" is satisfactory. 

2. The decomposition point varies with the method of deter- 
mination. The values given herein were determined by placing 
the sample in a capillary tube, inserting the tube in the bath 
at a temperature 25° below the decomposition point, and heating 
at the rate of 2-3 ° per minute. 
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3. The ammonium salt is not stable under the drying condi- 
tions. The dry product is a mixture of 5-iodoanthranilic acid 
and its ammonium salt. Contact with air may change its color 
from yellow to violet. 

4. Crude 5-iodoanthranilic acid is recovered from the mother 
liquor by carefully making it just acid to Congo red, using a spot 
plate, with concentrated hydrochloric acid, cooling to 20 , filter- 
ing, washing freely with cold water, and drying at 90-110°. 
This acid can be added to crude acid in further crystallizations 
or worked up alone. 

5. The drying oven must be one with good air circulation and 
uniform temperature control; drying at 120° causes the evolution 
of considerable amounts of free iodine. 

6. This product is sufficiently pure for conversion to w-iodo- 
benzoic acid (p. 57). If greater purity is desired the ammonium 
salt can be recrystallized from twice its weight of water, between 
45 and 5 , with 85-90 per cent recovery. When the salt remains 
nearly white after drying, the acid precipitated from it melts 
with decomposition at a temperature above 210°. Four or five 
recrystallizations may be required. 

3. Methods of Preparation 

5-Iodoanthranilic acid has been prepared by the reduction 
of 2-nitro-5-iodobenzoic acid, 1 by treatment of anthranilic acid 
with iodine in potassium hydroxide solution, 2 by treatment of 
the anhydride of 5-hydroxymercurianthranilic acid with iodine 
in aqueous potassium iodide solution, 3 and by iodination of 
anthranilic acid in glacial acetic acid solution with iodine mono- 
chloride. 4 

1 Grothe, J. prakt. Chem. (2) 18, 326 (1878). 

a Wheeler and Johns, Am. Chem. J. 43, 403 (19 10). 

3 Schoeller and Hueter, Ber. 47, 1938 (1914). 

1 Borsche, Weussmann, and Fritzsche, ibid. 57, 3774 (1924). 
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IODOBENZENE 

CaH 5 NH 2 + NaN0 2 + 2HCI -» C a H 5 N 2 Cl + 2 H 2 + NaCl 
C 6 H 5 N 2 C1 + KI -> CoH s r + N 2 + KC1 

Submitted by H. J. Lucas and E. R. Kennedy. 
Checked by John R. Johnson and P. L. Barrick. 

1. Procedure 

In a 3- or 5 -gallon stoneware crock are placed 950 cc. (1130 g., 
1 1.7 moles) of concentrated hydrochloric acid (sp. gr. 1.19), 
950 cc. of water, 200 g. (196 cc, 2.15 moles) of aniline, and 2 kg. 
of ice (Note x). The mixture is agitated by a mechanical stirrer, 
and, as soon as the temperature drops below 5 , a chilled solu- 
tion of 156 g. (2.26 moles) of sodium nitrite in a measured volume 
(700-1000 cc.) of water is introduced fairly rapidly from a 
separatory funnel, the stem of which projects below the surface 
of the reaction mixture. The addition should not be fast 
enough to cause the temperature to rise to io° or to cause evolu- 
tion of oxides of nitrogen. The last 5 per cent of the nitrite 
solution is added more slowly, and the reaction mixture is tested 
with starch-iodide paper at intervals until an excess of nitrous 
acid is indicated. 

Stirring is continued for ten minutes, and if necessary the 
solution is filtered rapidly through a loose cotton plug in a large 
funnel. An aqueous solution of 358 g. (2.16 moles) of potassium 
iodide is added and the reaction mixture allowed to stand over- 
night. The mixture is transferred to a large flask (or two smaller 
flasks) and heated on a steam bath, using an air-cooled reflux 
condenser, until no more gas is evolved, then allowed to cool and 
stand undisturbed until the heavy organic layer has settled 
thoroughly. A large part of the upper aqueous layer is siphoned 
off, and discarded (Note 2). The residual aqueous and organic 

55 



56 ORGANIC SYNTHESES 

layers are made alkaline by the cautious addition of strong 
sodium hydroxide solution (100-125 g. of solid technical sodium 
hydroxide is usually required) and steam-distilled at once. 
The last one-third of the steam distillate is collected separately 
and combined with the aqueous layer separated from the earlier 
portions of the distillate. This mixture is acidified with 5-10 cc. 
of concentrated sulfuric acid and steam-distilled again. The 
iodobenzene from this operation is combined with the main 
portion and dried with 10-15 g. of calcium chloride (Notes 3 
and 4). Distillation under reduced pressure gives 327-3.35 g. 
(74-76 per cent of the theoretical yield) of iodobenzene, b.p. 
77~7^°/2o mm. or 63-64°/8 mm. (Note 5). 

2. Notes 

1. If more ice is used a portion remains unmelted after the 
diazotization is completed. 

2. If a good separation has been made not more than 1-2 g. 
of iodobenzene is lost with the upper layer. 

3. An appreciable amount of iodobenzene is retained by the 
solid calcium chloride. By treating the spent drying agent with 
water 8-12 g. of iodobenzene can be recovered. 

4. The crude iodobenzene weighs 350-355 g. (80 per cent of 
the theoretical yield) and is pure enough for many purposes 
without redistillation. 

5. Care should be taken not to push the distillation too far, 
towards the end, or a colored distillate will be obtained. 

3. Methods of Preparation 

The preparation of iodobenzene by iodination of benzene, 
with iodine and nitric acid, and a survey of preparative methods 
have been given in an earlier volume. 1 The present procedure, 
based upon the method of Gattermann, 2 gives a purer product. 

1 Org. Syn. Coll. Vol. I, 316 (1932). 

2 Gattermann- Wieland, "Laboratory Methods of Organic Chemistry," p. 283. 
Translated from the twenty-fourth German edition by W. McCartney, The Mac- 
millan Company, New York, 1937. 



XXI 
m-IODOBENZOIC ACID 

C0 2 H C0 2 H 



/\nh 2 

I + NaN0 2 + 2HCI 

V 
C0 2 H CO2H 

N 2 C1 

+ CaHsOH 



N 2 C1 



+ NaCl + 2H2O 



(« ^ 



I 



+ N 2 + CH3CHO + HC1 



\/ 



Submitted by V. H. Wallingfoed and Paul A. Krueger. 
Checked by F. C. Whitmore and L. H. Sutherland. 



1. Procedure 

In a i-l. flask 132 g. (0.5 mole) of 5-iodoanthranilic acid 
(p. 52) and 35 g. (0.5 mole) of sodium nitrite are dissolved in a 
mixture of 500 cc. of warm water and 60 cc. of 30 per cent 
sodium hydroxide solution. After cooling to 20 the solution is 
added from a dropping funnel, over a period of fifteen to twenty- 
minutes, to a well-stirred mixture of 250 cc. of concentrated 
hydrochloric acid (sp. gr. 1.18) and 250 g. of ice in a 2-1. beaker; 
more ice is added, as required, to keep the temperature below 
20 . The insoluble, yellow diazonium compound separates 
before completion of the diazotization. After all the solution 
has been added from the dropping funnel, the reaction mixture 
is stirred for five minutes and tested for excess nitrous acid with 
starch-iodide paper. If required, small amounts of solid sodium 
nitrite are added and the test is repeated at three-minute intervals 
until a slight excess is definitely established. The diazonium 
compound is allowed to settle and as much as possible of the 
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supernatant liquor is decanted, leaving a slurry of diazonium 
compound. 

In a 3-I. beaker are placed 750 cc. of 95 per cent ethyl alcohol 
and 1.5 g. of finely ground copper sulfate, and the mixture is 
heated on a hot plate or steam bath to 70°. The diazonium 
slurry is added in about 30-cc. portions to the well-stirred alcohol; 
the temperature is kept between 6o° and 70 , and the nitrogen 
evolution is allowed to subside considerably between additions. 
The final traces of diazonium slurry are washed into the alcohol 
with small amounts of the decanted solution, the remainder of 
which is then added to the alcohol in 100-cc. portions. The 
reaction mixture is heated and stirred at 65-70 for half an hour, 
and then cooled without agitation to 5°. The w-iodobenzoic 
acid which separates is filtered with suction on a Biichner funnel, 
washed with three 50-cc. portions of cold water, and dried at 
90-1 io°. There is obtained 107-116 g. of crude, brown 
?«-iodobenzoic acid (86-93 per cent of the theoretical amount) 
(Note 1). 

The crude w-iodobenzoic acid is purified by recrystallization 
of its ammonium salt. To 100 g. of the acid in a 250-cc. beaker 
is added 75 cc. of hot water, and the acid is partially neutralized 
with 24 cc. of concentrated ammonia (sp. gr. 0.9). After 
stirring at 8o° until no more acid dissolves, neutralization is 
completed by adding 2-5 cc. of ammonia, until the acid is com- 
pletely dissolved. The solution is heated to 90 , 1 g. of decolor- 
izing charcoal is added, and the mixture is filtered with suction 
using a preheated Biichner funnel and filter flask. The residue 
on the filter is washed with 15 cc. of boiling water. The com- 
bined washings and filtrate are transferred to a 250-cc. beaker 
and allowed to cool without agitation to 25-35 , then cooled by 
any convenient means to 5°. The ammonium »z-iodobenzoate 
crystals are filtered and pressed as dry as possible on a Biichner 
funnel, spread in a thin layer on a glass or enameled tray, and 
dried at a temperature not above 6o°. There is obtained 86-90 g. 
of faintly yellow to tan prisms of the ammonium salt, a recovery 
of 76-81 per cent (Note 2). 
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The ammonium salt thus obtained is recrystallized until 
white by dissolving it in an equal weight of water at 80 ° and 
cooling to 5 . The recovery in this purification averages 75-85 
per cent (Note 3). 

TwTodobenzoic acid melting at 187-188 is obtained by dis- 
solving pure ammonium w-iodobenzoate in four times its weight 
of hot water, precipitating the acid by acidifying the solution to 
Congo red with concentrated hydrochloric acid, adding ice to 
reduce the temperature to 20 , filtering by suction, washing the 
acid freely with cold water, and drying at 0.0-no (Note 4). 

2. Notes 

1. Evaporation of the mother liquors to incipient turbidity 
and cooling the concentrate to 5 will produce a few grams of 
acid, but this is usually very impure and tarry. 

2. Ammonium m-iodobenzoate is not stable under these 
drying conditions. The product at this point contains some 
free acid. 

3. In some runs as many as five recrystalh'zations failed to 
furnish white crystals of the ammonium salt, but, in these runs, 
precipitation of the acid after three or four crystallizations gave 
a product having the correct melting point. 

Mother liquors from the crystallization are best worked up 
by acidifying to Congo red with concentrated hydrochloric acid, 
filtering, washing, drying, and reworking the recovered acid. 

4. The total overall yield of pure acid form the crude depends 
on the amount of crude acid taken, the care exercised to avoid 
material losses, and the number of recrystallizations required to 
attain the desired purity. Without recoveries from mother 
liquors, 100 g. of crude acid, after conversion to the ammonium 
salt, and three recrystallizations of the latter, gave 40-45 g. of 
pure acid. Overall recovery of pure acid from 100 g. of the 
crude gave 50 g. of pure acid melting at 187-188 , 10 g. of less 
pure acid melting at 184-186 , and about 10 g. of a tarry solid 
residue. 
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3. Methods of Preparation 

m-Iodobenzoic acid has been prepared by diazotization of 
#z-aminobenzoic acid and treatment with potassium iodide in 
acid solution, 1,2,3 and by the action of concentrated nitric acid 
on a glacial acetic acid solution of iodine and benzoic acid. 4 

1 Griess, Ann. 113, 336 (r86o). 

2 Cohen and Raper, J. Chem. Soc. 85, 1273 (1904). 

3 Cattelain, Bull. soc. chim. (4) 41, 1546 (192J). 

4 Datta and Chatterjee, J. Am. Chem. Soc. 41, 294 (1919)- 



XXII 
rfZ-LYSINE HYDROCHLORIDES 

C6H 6 CONH(CH2)4CHC0 2 H ^> CeH s CONH(CH2)4CHC0 2 H 

Br NH 2 

H ,0 H- HCl , Pyridine 

> C1NH 3 (CH 2 )4CHC0 2 H — > C1NH 3 (CH 2 ) 4 CHC0 2 H 

NH3CI NH 2 

Submitted by J. C. Eck and C. S. Marvel. 
Checked by C. R. Noller and William Munich. 

1. Procedure 

(A) dl-t-Benzoyllysine. — A solution of 180 g. (0.57 mole) 
of c-benzoylamino-a-bromocaproic acid (p. 18) in 2 1. of aqueous 
ammonia (sp. gr. 0.9) is filtered into a 5-I. flask and allowed to 
stand for two days. The crystals formed at the end of this time 
are filtered (Note 1) and the filtrate evaporated on a steam bath 
at reduced pressure to about r 1. The crystals are filtered, 
combined with the first crop, and washed with 100 cc. of alcohol 
and finally with 100 cc. of ether. The aqueous filtrate is evap- 
orated under reduced pressure to dryness and the residue washed 
with two ioo-cc. portions of water to remove the ammonium 
bromide, and then with 50 cc. of alcohol followed by 50 cc. of 
ether. The total yield of e-benzoyllysine, melting at 265-270 , 
is 100-116 g. (70-81 per cent of the calculated amount). 

(B) dl-Lysine Dihydrochloride. — A solution of 100 g. (0.4 
mole) of benzoyllysine in a mixture of 600 cc. of hydrochloric 
acid (sp. gr. 1.18) and 400 cc. of water is boiled under a reflux 
condenser for ten hours. The mixture is cooled and the benzoic 
acid removed by filtration. The filtrate is evaporated on a 
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water bath under reduced pressure until a thick syrup remains. 
The syrup is transferred to a 1.5-I. beaker by means of four 
volumes (about 400 cc.) of hot absolute alcohol and filtered if 
necessary. The solution is cooled to 15-20 , and 500 cc. of 
ether is added slowly with stirring. The precipitate, after 
filtering and drying, melts at 187-189 and weighs 67-75 g. 
(76-85 per cent of the calculated amount) ; it is analytically 
pure lysine dihydrochloride (Note 2). 

(C) dl-Lysine Monohydrochloride. — To a solution of 55 g. 
(0.25 mole) of lysine dihydrochloride in 1 1. of boiling 95 per cent 
alcohol (Note 3) is added, with stirring, a solution of 25 g. 
(0.32 mole) of pyridine in 40 cc. of hot 95 per cent alcohol. 
The white, crystalline monohydrochloride separates immedi- 
ately. After cooling overnight in a refrigerator the solid is 
filtered and washed with two 50-cc. portions of cold absolute 
alcohol. After drying, the product melts at 260-263 and weighs 
42-43 g. (91-94 per cent of the calculated amount). 

For further purification to remove any pyridine hydrochloride, 
the above product is dissolved in 85 cc. of boiling water, and 
650 cc. of boiling 95 per cent alcohol added with stirring. After 
cooling overnight in the refrigerator the solid is filtered, and 
washed with one 20-cc. portion of cold absolute alcohol. There 
is obtained 40-42 g. (95-97 per cent recovery) of monohydro- 
chloride melting at 263-264 (corr.). 

2. Notes 

1. If no crystallization has taken place, one proceeds directly 
with the concentration. 

2. If a product of lower melting point is obtained, it may be 
purified by dissolving in 1 1. of hot 95 per cent alcohol, filtering 
if necessary, cooling, and without removing any material that 
may have crystallized out, adding slowly with stirring 1500 cc. 
of ether. If the product separates as an oil it will soon crystal- 
lize on standing. The checkers found that one lot of 75 g. 
melting at 173-178 when treated in this way gave 67 g. (89 per 
cent recovery) melting at 187-189 . 
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3. If a clear solution is not obtained the hot solution should 
be filtered before the addition of pyridine. 

3. Method of Preparation 

The above procedure for ^/-d-benzoyllysine and dl-lysine 
hydrochloride is a modification 1 of that published by Braun. 2 

1 Eck and Marvel, J. Biol. Chem. 106, .387 (1934). 

2 Braun, Ber. 42, 844 (1909). 



XXIII 
METHYL NITRATE 



(H 2 S0 4 ) 
CH3OH + HON0 2 > CH a ON0 2 + H 2 



Submitted by Alvin P. Black and Frank H. Babers. 
Checked by John R. Johnson and II. B. Stevenson. 



1. Procedure 

In a flask cooled in an ice bath, are mixed 425 g. (300 cc; 
4.6 moles) of c.p. nitrous-free, concentrated nitric acid (sp. gr. 
1.42) (Note 1) and 550 g. (300 cc.) of c.p. concentrated sulfuric 
acid (sp. gr. 1.84). In a second flask, also cooled in an ice bath, 
92 g. (50 cc.) of c.p. concentrated sulfuric acid is added to 119 g. 
(150 cc; 3.7 moles) of pure methyl alcohol (Note 2) while the 
temperature is maintained below io°. 

One-third of the cold nitric-sulfuric mixture is placed in each 
of three 500-cc. Erlenmeyer flasks (Note 3), and each portion is 
treated separately with one-third of the methyl alcohol-sulfuric 
acid mixture, with constant shaking and thorough mixing (Note 4) . 
The temperature is allowed to rise fairly rapidly to 40 and kept 
at this point by external cooling. During the addition of the 
methyl alcohol-sulfuric acid, most of the ester separates as an 
almost colorless oily layer above the acid. The time required 
for completion of the reaction is two to three minutes for each 
flask. The reaction mixtures are allowed to stand in the cold 
for an additional fifteen minutes but not longer. The lower layer 
of spent acid is separated promptly and poured at once into a 
large volume of cold water (about 1 1. for each portion) to avoid 
decomposition which quickly ensues with copious evolution of 
nitrous fumes. 
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The combined ester layers are washed with two 25-cc. por- 
tions of ice-cold salt solution (sp. gr. 1.17) (Note 5). A small 
quantity (8-10 drops) of concentrated sodium hydroxide solution 
is added to the second wash liquid until it has a faintly alkaline 
reaction to litmus. The ester is washed free of alkali with ice- 
cold salt solution and finally washed with two 15-CC. portions of 
ice water (Note 6). The product is treated with 10-15 g. of 
anhydrous calcium chloride and allowed to stand with occasional 
shaking for an hour at o°. It is then decanted onto a fresh 5-g. 
portion of the drying agent and after standing for one-half hour 
is filtered. The crude ester without further purification (Note 7) 
may be used directly for most synthetic purposes, such as the 
preparation of phenylnitromethane (p. 73). The yield is 190- 
230 g. (66-80 per cent of the theoretical amount). The crude 
ester should be used promptly and not stored. 

2. Notes 

1. Colored specimens of nitric acid may be treated with a 
small quantity of urea (about 1-2 g. per 100 cc), but this is 
unnecessary unless the acid is appreciably colored. 

2. Commercial synthetic methanol of high grade was used 
without further purification. This material is believed to be 
superior to wood alcohol for this preparation. 

3. It should be noted that volume contractions occur in mix- 
ing the reagents. The total volume of the mixed acids is about 
585 cc. (instead of 600 cc), and that of the methyl alcohol- 
sulfuric acid is about 182 cc. (instead of 200 cc). 

4. The treatment of methanol with a mixture of concentrated 
nitric and sulfuric acids is not without elements of danger, and 
adequate precautionary measures should be taken. However, 
the submitters report that more than one hundred preparations 
were carried out without a single explosion or violent decompo- 
sition. 

5. This corresponds to a 22 per cent solution of sodium 
chloride. This particular solution was found to give satisfactory 
separations and obviate emulsions. 
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6. Traces of acid remaining in the ester facilitate decomposi- 
tion, and violent explosions may occur if such specimens are 
heated. 

7. Methyl nitrate may be distilled if adequate precautions 
are taken. The ester must not be heated suddenly, and must 
not contain any free acid. Distillation is not recommended, as 
the crude ester (after washing and drying) gives as good yields 
as the distilled product in most synthetic reactions. The loss in 
distillation is small, and the pure material distils at 64.5-65 . 
Care must be taken to avoid superheating the residue in the 
distilling flask. 

3. Methods of Preparation 

Methyl nitrate has been prepared by distilling a methyl alco- 
hol-nitric acid mixture to which methyl alcohol-sulfuric acid is 
added dropwise, 1 and by the use of dilute nitric acid in a proce- 
dure similar to that given above. 2 Neither of these methods is 
satisfactory, and explosions occur frequently. 

1 Lea, Chem. Zentr. 1862, 602. 

2 Delepine, Bull. soc. chim. (3) 13, 1044 (18Q5). 



XXIV 

^-PHENYLALANINE 

/NHCOCH 3 h 2 /NHCOCHg 

C e H 5 CH=C< -—* C 6 H 5 CH2CH< 

\C0 2 H < Pt > X C0 2 H 

H 2 / NH 2 

-> C e H 5 CH 2 CH< 



(HC1) \ C02 h 

Submitted by R. M. Herbst and D. Shemin. 
Checked by Reynold C. Fuson and E. A. Cleveland. 



1. Procedure 

A solution of 20.5 g. (0.1 mole) of a-acetaminocinnamic acid 
(p. 1) in 150 cc. of glacial acetic acid (Note 1) is placed in the 
bottle of a Burgess-Parr reduction apparatus, 0.5 g. of platinum 
oxide catalyst (Org. Syn. Coll. Vol. I, 452; 17, 98) is added, and 
the mixture shaken in an atmosphere of hydrogen under an 
initial pressure of 40 lb. per sq. in. until the calculated amount 
of gas is taken up; usually about two hours is required (Notes 
2 and 3). When the reduction is complete, the catalyst is 
removed by suction filtration and washed with a little water. 
The combined filtrate and washings are evaporated to dryness 
under diminished pressure on a water bath. 

The crystalline residue (Note 4) is taken up in 400 cc. of 
1 N hydrochloric acid, transferred to a i-l. flask fitted with a 
reflux condenser, and boiled for ten hours (Note 5) . The result- 
ing solution is evaporated to dryness under diminished pressure 
on the water bath; to the residue 100 cc. of water is added slowly 
through a dropping funnel at about the same rate as that at 
which it distils, in order to remove the excess hydrochloric acid 
as completely as possible. The residue is then taken up in 30-40 

67 



68 ORGANIC SYNTHESES 

cc. of boiling water, and the pH of the solution adjusted until it 
is basic to Congo red, but still acid to litmus, by careful addition 
of concentrated ammonia and acetic acid (Note 6). At this 
point two volumes of 95 per cent alcohol is added to aid in the 
separation of the phenylalanine. The mixture is placed in the 
refrigerator for a day, after which the product is transferred to a 
Buchner funnel, and washed first with three 25-cc. portions of 
ice-cold water and then with alcohol. The yield is 14.5 g. The 
filtrate is evaporated to dryness under reduced pressure on the 
water bath, and the residue is extracted with about 70 cc. of ice- 
cold water in three or four portions. The insoluble material, 
after washing with 95 per cent alcohol, is added to the main 
fraction of phenylalanine. The total yield is 16 g. (Note 7). 

The combined fractions weighing about 16 g. are dissolved in 
a minimum amount of boiling water (Note 8), two volumes of 
95 per cent alcohol is added, and the flask is placed in a refriger- 
ator overnight to complete crystallization. The phenylalanine 
is transferred to a Buchner funnel, washed with several small 
portions of ice-cold water, and finally with alcohol. The yield is 
10.5-11 g. By concentrating the filtrate and washings further, 
3-3.5 g. of product can be obtained conveniently. The total 
yield is 14-14.3 g. (85-86 per cent of the theoretical amount) of 
analytically pure phenylalanine. 

2. Notes 

1. It may be necessary to warm the mixture in order to dis- 
solve the acetaminocinnamic acid completely in this amount of 
acetic acid. In this case the solution should be allowed to cool 
to room temperature before it is placed in the reduction apparatus. 

2. When the calculated amount of hydrogen is taken up, the 
catalyst is no longer colloidal and the rate of hydrogen uptake 
becomes very slow. 

3. With freshly prepared and moist catalyst the benzene ring 
may also be reduced, in which case iV-acetylhexahydrophenyl- 
alanine is formed. When this occurs, the hydrogen uptake con- 
tinues at a rapid rate even after the amount required for hydro- 
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genation of the side chain has been taken up. After recrystal- 
lization from water or dilute alcohol, the hexahydro compound 
forms needles melting at 178°. 

4. Pure iV-acetylphenylalanine can be obtained at this point 
by recrystallizing the residue from hot water or from hot dilute 
alcohol; it forms colorless needles melting at 150-151°. 

5. Hydrolysis with 1 N hydrochloric acid is not complete if 
less than ten hours is allowed. With higher acid concentrations 
the hydrolysis can be completed more rapidly. 

6. When the solution is made just basic to Congo red, the 
product separates in an almost solid mass; addition of alcohol 
at this point facilitates the testing of the pB. by disintegrating 
the mass and decreases the solubility of the product. 

7. The product at this point contains about 2.5 per cent of 
ammonium chloride; allowing for this the yield of phenylalanine 
is 94 per cent. Unless absolutely pure phenylalanine is required, 
the subsequent recrystallization can be omitted. 

8. Phenylalanine dissolves rather slowly in boiling water. It 
is therefore convenient to start with an excess of water and to 
concentrate the solution over a free flame until crystals begin 
to separate from the hot solution. 

3. Methods of Preparation 

To the methods of preparation cited by Gillespie and Snyder 1 
the following may be added : the reduction of phenylpyruvic acid 
in alcoholic-ammoniacal solution with hydrogen in the presence 
of platinum catalyst; 2 and the reduction of a-acetaminocinnamic 
acid with hydrogen in the presence of platinum followed by 
hydrolysis of the resulting acetylphenylalanine. 3 

1 Gillespie and Snyder, Org. Syn. 14, 80 (1934). 

2 Knoop and Oesterlin, Z. physiol. Chem. 148, 311 (1925). 

3 Bergmann, Stern, and Witte, Ann. 449, 280 (footnote) (1926). 



XXV 

o-PHENYLENEDIAMINE 
(l,2-Diaminoben2ene) 

/\nH 2 Mm /\NH 2 



"V 



(NaOH) 

+ 3Z11 + H 2 > 

N0 2 



V 



+ 3Z110 

NH 2 



Submitted by E. L. Martin. 

Checked by W. W. Haetman and S. S. Fierke. 



1. Procedure 



In a i-l. three-necked, round-bottomed flask fitted with a 
liquid-sealed mechanical stirrer and reflux condenser, are placed 
69 g. (0.5 mole) of o-nitroaniline, 40 cc. of a 20 per cent solution 
of sodium hydroxide, and 200 cc, of 95 per cent ethanol. The 
mixture is stirred vigorously and heated on a steam bath until 
the solution boils gently. The steam is turned off and 10-g. 
portions of 130 g. (2 gram atoms) of zinc dust (Note 1) are added, 
frequently enough to keep the solution boiling (Notes 2, 3). 
After the addition of the zinc dust has been completed the mix- 
ture is refluxed with continued stirring for one hour; the color of 
the solution changes from a deep red to nearly colorless. The 
hot mixture is filtered by suction, and the zinc residue is returned 
to the flask and extracted with two 150-cc. portions of hot alcohol. 
To the combined filtrates is added 2-3 g. of sodium hydrosulfite, 
and the solution is concentrated under reduced pressure (using a 
water pump), on a steam bath, to a volume of 125-150 cc. After 
cooling thoroughly in an ice-salt bath, the faintly yellow crystals 
are collected, washed once with a small amount of ice water, and 
dried in a vacuum desiccator. The yield of crude o-phenylenedi- 
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amine melting at 97-100° is 46-50 g. (85-93 P er cent of the theo- 
retical amount). If a purer product is desired, the material is 
dissolved in 150- 175 cc. of hot water containing 1-2 g. of sodium 
hydrosulfite and treated with decolorizing charcoal. After cool- 
ing thoroughly in an ice-salt mixture, the colorless crystals are 
filtered by suction and washed with 10-15 cc. of ice water. The 
purified o-phenylenediamine weighs 40-46 g. (74-85 per cent of 
the theoretical amount) and melts at 99-101 ° (Notes 4 and 5). 

2. Notes 

1. The zinc dust should be at least 80 per cent pure, and the 
amount used should be equivalent to 130 g. of 100 per cent 
material. A large excess of zinc dust has been used without 
changing the yield. 

2. Great care must be taken not to add too much zinc dust 
at first as the reaction becomes very vigorous. It is well to have 
a bath of ice and wet towels at hand in order to control the reac- 
tion if it should become too violent. 

3. Occasionally the reaction suddenly stops and it is neces- 
sary to add an additional quantity of 10 cc. of 20 per cent sodium 
hydroxide solution, which causes the reaction to proceed. 

4. The product can also be purified by distillation under 
reduced pressure in an inert atmosphere, but unless the material 
is very nearly pure, considerable decomposition occurs and the 
distilled product darkens rapidly in contact with air. 

5. The free diamine may also be converted into the dihydro- 
chloride, and the salt purified as follows: The crude o-phenylene- 
diamine is dissolved in a mixture of 90-100 cc. of concentrated 
hydrochloric acid (sp. gr. 1.19) and 50-60 cc. of water containing 
2-3 g. of stannous chloride, and the hot solution is treated with 
decolorizing charcoal. To the hot, colorless filtrate is added 
150 cc. of concentrated hydrochloric acid, and the mixture is 
cooled thoroughly in an ice-salt bath. The colorless crystals are 
filtered by suction, washed with a small amount of cold concen- 
trated hydrochloric acid, and dried in vacuum over solid sodium 
hydroxide. The yield of o-phenylenediamine dihydrochloride is 
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77-81 g. (85-90 per cent of the theoretical amount based on the 
weight of 0-nitroaniline used). 

3. Methods of Preparation 

<?-Phenylenediamine has been prepared by the reduction of 
o-nitroaniline by means of tin and hydrochloric acid, 1 stannous 
chloride and hydrochloric acid, 2 sodium stannite, 3 zinc dust and 
water, 4 sodium hydrosulfite and sodium hydroxide, 5 zinc dust 
and alcoholic alkali, 6 and by electrolytic reduction in aqueous 
alcohol in the presence of sodium acetate. 7 The present proce- 
dure is a modification of the method of Hinsberg and Konig. 6 

o-Phenylenediamine has been proposed as a reagent for the 
identification of aliphatic acids, by conversion to crystalline 
2-alkylbenzimidazoles (p. 14). 

1 ZinckeandSintenis, Ber. 6, 123 (i873);Koerner, Gazz.chim.ital. 4, 320 (1874); 
Hiibner, Ann. 209, 361 (1881). 

1 Goldschmidt and Ingebrochtsen, Z. physik. Chem. 48, 448 (1904); Gold- 
schmidt and Sunde, ibid. 56, 23 (1906). 

3 Goldschmidt and Eckardt, ibid. 56, 400 (1006). 

1 Bamberger, Ber. 28, 250 (1895). 

s Borsche, Chem. Zentr. 80, II, 1550 (1909). 

6 Hinsberg and Konig, Ber. 28, 2947 (1895). 

7 Rohde, Z. Elektrochem. 7, 339 (1900). 



XXVI 
PHENYLNITROMETHANE 

C0H5CH2CN + CH3ONO2 + NaOC 2 H 5 -> 

C 6 H 5 C=N0 2 Na + CH 3 OH + C 2 H 5 OH 

I 
CN 

NaOH 

C 6 H 5 C=N0 2 Na > C 6 H 5 C=N0 2 Na 

1 H 2 I 

CN C0 2 Na 

^ C 6 H 6 CH=N0 2 H + C0 2 
C 6 H s CH=N0 2 H -♦ C6H5CH2NO2 

Submitted by Axvin P. Black and Frank H. Babees. 
Checked by John R. Johnson and H. B. Stevenson. 

1. Procedure 

(A) Sodium Pkenyl-aci-nitroacetonitrile. — In. a 2-1. round- 
bottomed flask fitted with an efficient reflux condenser is placed 
400 cc. of absolute ethyl alcohol. Through the condenser tube 
46 g. (2 gram atoms) of freshly cut metallic sodium is added as 
rapidly as possible, and the flask is heated in an oil bath after all 
the sodium has been added. After about one-half hour only a 
small globule of molten sodium (0.5-1.0 g.) remains and sodium 
ethoxide begins to precipitate. At this point 100 cc. of absolute 
alcohol is added and the mixture is cooled to o°. A second 
100-cc. portion of cold absolute alcohol is then poured on top of 
the solid cake of sodium ethoxide in the flask (Note 1). The 
reflux condenser is replaced by a stopper carrying a separatory 
funnel and a calcium chloride tube. An ice-cold mixture of 
234 g. (2 moles) of freshly distilled benzyl cyanide (Org. Syn. 
Coll. Vol. I, 101; 16, 89) and 216 g. (180 cc; 2.8 moles) of 
methyl nitrate (Note 2) is added with constant shaking, at such 
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a rate that the temperature is kept between 4 and 8°. After 
this addition is completed (about one hour is required), the 
reaction mixture is allowed to remain at 4-8 and shaken inter- 
mittently for one hour. The flask is then provided with a stopper 
fitted with a Bunsen valve and placed in a freezing mixture for 
twenty-four hours. The sodium salt of the aa'-nitro compound 
which precipitates is filtered with suction on a Btichner funnel, 
washed thoroughly with dry ether (Note 3), and air dried. The 
first crop of material weighs 215-275 g. (58-75 per cent of the 
theoretical amount). The mother liquor and ether washings 
are combined and concentrated stepwise to about 150 cc. under 
reduced pressure. Successive crops of the sodium salt which 
separate are filtered with suction and washed with dry ether. 
The total weight of the crude sodium salt is 275-300 g. (75-82 
per cent yield). This material is used directly without puri- 
fication. 

(B) Phcnylnitromethane. In a 4 1. beaker 300 g. of sodium 
hydroxide is dissolved in 1200 cc. of water. The beaker is 
placed in an enameled pan (as a precaution against breakage), 
and the solution is heated to boiling. Over a period of one hour 
the air-dried, crude sodium salt of phenylnitroacetonitrile 
(275-300 g.) is added in small portions to the boiling alkali. 
Boiling is continued until the evolution of ammonia ceases 
(about three hours); hot water is added from time to time to 
keep the volume of the solution fairly constant (Note 4). The 
hot alkaline solution is poured into a shallow porcelain dish and 
on cooling solidifies to a waxy mass. 

The cake of crude sodium salt of phenylnitroacetic acid is 
broken up with a spoon, transferred to a 4-I. beaker, and stirred 
with 500 g. of ice. The beaker is placed in a large crock packed 
with ice-salt mixture, and is provided with a mechanical stirrer. 
When the solution in the beaker has cooled to — 5 , concen- 
trated hydrochloric acid is added slowly from a separatory 
funnel, with vigorous stirring, until the solution is faintly acid to 
Congo red. During the addition of acid the temperature is not 
allowed to rise above — 5 (Note 5). Usually about 900 cc. of 
acid is needed and the addition requires about two hours. The 
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cold solution is extracted with one 500-cc. portion of ether, 
followed by two 250-cc. portions. The combined ether extracts 
are washed with ice-cold portions of saturated sodium bicar- 
bonate solution until the wash liquid is colorless or only faintly 
yellow (usually two 100-cc. portions suffice). The ether solu- 
tion is then washed with 250 cc. of ice water containing two 
drops of hydrochloric acid, and finally with three 50-cc. portions 
of ice water. The ether solution is dried over anhydrous sodium 
sulfate and allowed to stand for three or four days to complete 
the isomerization of the labile aa-form. The solution is filtered 
and the ether removed at 15-20 under reduced pressure. The 
residual oil is distilled at low pressure (3 mm. or less) in an 
ordinary Claisen flask, and the phenylnitrome thane is obtained 
as a light yellow oil, b.p. go-g2°/3 mm. (Note 6). The yield is 
135-150 g. (50-55 per cent of the theoretical amount, based upon 
the benzyl cyanide). 

2. Notes 

1. The supernatant layer of alcohol prevents the reactants 
dropping directly onto the sodium ethoxide and causing local 
overheating. 

2. The large excess of methyl nitrate increases the yield 
appreciably. Freshly prepared methyl nitrate (p. 64) was 
dried and used directly without distillation. It is convenient 
to use the entire product (usually 210-230 g.) obtained from 
120 g. of methyl alcohol. 

3. Ordinary ether that has been allowed to stand for several 
days over anhydrous calcium chloride may be used. 

4- The reaction must be watched carefully. Vigorous foam- 
ing sometimes occurs and necessitates the addition of small 
quantities of cold water from a wash bottle. 

5. At — 5 the acz-nitro compound separates as a gray, 
pasty solid. When the solution becomes acid the colloidal 
precipitate tends to undergo coagulation. 

6. In the distillation of the crude product it is essential to 
maintain a low pressure and to avoid overheating. If the dis- 
tillation is pushed too far, decomposition occurs and the distillate 
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discolors rapidly on standing. If the distillation is not carried 
out carefully violent decomposition may occur which will blow 
out all connections. 

The distilled product decomposes on standing and should be 
used promptly. Phenylnitromethane should not be stored in a 
glass-stoppered bottle, as the stopper is likely to become frozen 
and explosions may occur in attempting to remove it. 

3. Methods of Preparation 

Phenylnitromethane has been prepared by the nitration of 
toluene with dilute nitric acid in a sealed tube, 1 by the inter- 
action of benzenediazonium chloride and nitromethane in alka- 
line solution, 2 by the action of silver nitrite on benzyl chloride 3 
or iodide, 4 and by the condensation of ethyl nitrate with benzyl 
cyanide and subsequent hydrolysis. 3 The use of methyl nitrate, 
which can be prepared with less danger and difficulty than ethyl 
nitrate, is advantageous. 

1 Konowalow, Ber. 28, i860 (1895). 

2 Bamberger, Schmidt and Levinstein, ibid. 33, 2053 (1900). 
a HoUemann, Rec. trav. chim. 13, 405 (1894). 
'Ilantzsch and Schultze, Ber. 20, 700 (1896). 

5 Wislicenus and Endres, ibid. 35, 1755 (1902); cf. Gattermann-Wieland, "Lab 
oratory Methods of Organic Chemistry," p. 256. Translated from the twenty- 
fourth German edition by W. McCartney, The Macmillan Company, New York, 
1937. 
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PHENYLPYRUVIC ACID 

.NHCOCHs 
CoH 5 CH=C< + H 2 + HC1 -» 

\C0 2 H 

C 6 H s CH 2 COC0 2 H + CH3CO2H + NH4CI 

Submitted by R. M. Hehbst and D. Shemin. 
Checked by Reynold C. Fuson and E. A. Cleveland. 

1. Procedure 

Ten grams (0.05 mole) of a-acetaminocinnamic acid (p. 1) 
and 200 cc. of 1 N hydrochloric acid (Note 1) are placed in a 
500-cc. flask fitted to an upright condenser with a ground-glass 
joint. Hydrolysis is completed by boiling for three hours. A 
few droplets of pale green oil may separate from the boiling solu- 
tion; these are removed by nitration. The crystals of phenyl- 
pyruvic acid which separate from the nitrate on cooling (Note 2) 
are transferred to a Biichner funnel and washed with a little ice- 
cold water. The combined filtrate and washings are extracted 
with four 50-cc. portions of ether. The solvent is removed from 
the ether solution by evaporation at room temperature, finally 
in a vacuum desiccator (Note 3). The residue is combined with 
the first crop of crystals and dried in a vacuum desiccator over 
calcium chloride and potassium hydroxide. The yield is 7.2- 
7.7 g. (88-94 per cent of the theoretical amount), and the prod- 
uct melts at 150-154 (Notes 4 and 5). 

2. Notes 

1. Larger quantities of phenylpyruvic acid may be prepared 
by increasing the amounts of reactants proportionately. How- 
ever, this is advisable only when the product is to be used imme- 
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diately since phenylpyruvic acid begins to decompose after 
standing only a few days. 

2. The amount of phenylpyruvic acid which separates from 
the filtrate is increased if the solution is allowed to stand in the 
refrigerator several days before filtration. No decomposition 
was noted when the product was kept suspended in cold, dilute 
acid. 

3. The evaporation may be carried out conveniently at room 
temperature by passing a stream of dry air or inert gas over the 
surface of the solution under a glass bell. 

4. The melting point varies considerably with the rate of 
heating. 

5. Phenylpyruvic acid may be recrystallized from ethylene 
chloride, benzene, or chloroform, but losses due to instability of 
the compound are quite large. 

3. Methods of Preparation 

Phenylpyruvic acid has been prepared by the hydrolysis of 
adDenzoylaminocinnamic acid with alkalies or acids; ' by the 
acid hydrolysis of ethyl phenyloxalacetate; 3 by the acid hydroly- 
sis of ethyl phenylcyanopyruvate ; ' by dehydration of ^-phenyl- 
glyceric acid with sulfuric acid; 5 by the alkaline hydrolysis of 
phenylethoxalylacetamide; 6 and by the alkaline hydrolysis of 
a-acetaminocinnamic acid. 7 

1 Plochl, Ber. 16, 2817 (1S83). 

a Erlenmeyer, Jr., Ami. 271, 165, 173 (1892). 

3 Wislicenus, Ber. 20, 592 (1S87). 

4 Erlenmeyer, Jr., and Arbenz, Ann 333, 228 (1904); Hemmerle, Ann. chim. (9) 
7, 229 (igi7). 

s Dieckmann, Ber. 43, 1034 (1910). 

6 Eougault, J. pharm. chim. (7) 10, 297 (1914) 

7 Bergmann and Stern, Ann. 448, 27 (1926). 



XXVIII 

^-THIOCYANODIMETHYLANILINE 

(AT,iV-Dunethyl-/>-thiocyanoaniline) 

C a HsN(CH a )2 + Br 2 + 2NH4SCN 

-» aNH 4 Br + p-NCS— C 6 H 4 N(CH 3 )o + HSCN 

Submitted by R. Q. Brewster and Wesley Schroeder. 
Checked by Wallace H. Carothers. 

1. Procedure 

A solution of 60.5 g. (0.5 mole) of dimethylaniline and 80 g. 
(1.05 moles) of ammonium thiocyanate in 250 cc. of glacial 
acetic acid, contained in a i-l. beaker, is cooled to 10-20 in a 
bath of ice and water. The solution is stirred mechanically 
while a solution of 80 g. (0.5 mole) of bromine in 100 cc. of glacial 
acetic acid is added dropwise, over a period of twenty to thirty 
minutes, and the temperature is kept below 20 (Notes 1 and 2). 
After all the bromine has been added the reaction mixture is 
removed from the cooling bath, and after standing at room tem- 
perature for ten minutes is poured into 5-6 I. of water. Most of 
the ^-thiocyanodimethylaniline separates as a pale yellow solid 
(Note 3), which is collected on a suction filter and washed with 
water. After drying in air it weighs 50-55 g. and melts at 7 1-73 °. 
An additional 10-15 g. of less pure product is obtained by mak- 
ing the filtrate alkaline to litmus, which requires about 1250 cc. 
of 20 per cent sodium hydroxide. The two fractions are com- 
bined, dissolved in about 1200 cc. of boiling ligroin (b.p. 90-100 °), 
and filtered rapidly through a large fluted filter in a heated fun- 
nel. The product separates from the filtrate in the form of long 
yellow needles, and crystallization is completed by thorough 
chilling. The melting point of the purified product is 73—74°, 

79 



80 ORGANIC SYNTHESES 

and the total yield is 56-60 g. (63-67 per cent of the theoretical 
amount) (Note 4). 

2. Notes 

1. At higher temperatures a considerable quantity of a yellow 
thiocyanogen polymer is formed which contaminates the product. 

2. Toward the end of the addition a heavy precipitate begins 
to accumulate on the walls of the beaker ; this should be dislodged 
occasionally with a spatula. 

3. ^>-Thiocyanodimethylaniline is a weak base and its salts 
are easily hydrolyzed. 

4. An additional 4-5 g. of low-melting product may be recov- 
ered by evaporation of the mother liquor. 



3. Methods of Preparation 

^>-Thiocyanodimethylaniline has been prepared by the action 
of thiocyanogen on an ethereal solution of dimethylaniline, 1 and 
also by llie action of clilorothiocyanogen on dimethylaniline. 2 
The procedure given above is a convenient method involving the 
formation of an active thiocyanogen derivative in the presence 
of dimethylaniline. 34 Thiocyanation of aromatic amines and 
phenols has also been accomplished electrochemically. ' 

1 Soderbach, Ann. 419, 275 (1919). 

2 Lecher and Joseph, Ber. 59, 2603 (1926). 

3 Likhosherftov and feliov, J. Gen. Chem. (U.S.S.K.) 3, 183 (1933) [C. A. 28, 

1677 (i934)l. 

" Helwig, U. S. pat. 1,816,848 [C. A. 25, 5355 (1931)]. 

6 Fichter and Schonmann, Helv. Chim. Acta 19, 1411 (1936). 



XXIX 
l,2,3-TRIIODO-5-NITROBENZENE 



N0 2 



I 



NaNO, 



-> 



j H 2 S0 4 j| 




KI 



NH 2 



N2HS04 



N0 2 



I 



Submitted by R. B. Sandin and T. L. Cairns. 
Checked by F. C. Whitmore and L. H. Sutherland 



1. Procedure 

Fifty grams (0.13 mole) of 2,6-diiodo-4-nitroaniline (Org. 
Syn. 12, 28) is dissolved in 200 cc. of concentrated sulfuric acid 
(sp. gr. 1.84) in a i-l. two- or three-necked flask provided with a 
mechanical stirrer. The solution is cooled to 5 ° in an ice-salt 
mixture, and to it is added with stirring a mixture of 100 cc. of 
concentrated sulfuric acid and 12 g. (0.17 mole) of sodium nitrite, 
also cooled to 5 (Note 1). To liberate nitrous acid from the 
nitrosylsulfuric acid, there is then added slowly from a separa- 
tory funnel, with rapid stirring, 200 cc. of 85 per cent phos- 
phoric acid (151 cc. of tj.s.p. phosphoric acid diluted to 200 cc). 
During the addition the temperature is kept below io°. The 
mixture is removed from the ice-salt bath and stirred until 
diazotization is complete (one to two hours) (Note 2). At the 
end of this time the solution is poured, with stirring, into 2 1. of a 
mixture of cracked ice and water in a 4-I. beaker. To destroy 
excess nitrous acid about 15 g. of urea is added in small portions, 
with stirring, as long as gas is produced. If the mixture is not 
clear it is filtered and then treated gradually with a solution of 
30 g. (0.18 mole) of potassium iodide in 200 cc. of water. To 
complete the reaction the mixture is heated until no more gas is 
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evolved. Any free iodine is removed by sodium bisulfite, and 
the mixture is then filtered on a Biichner funnel, washed free 
from sulfuric acid and inorganic salts, pressed and sucked as dry 
as possible. The product is then air dried to constant weight. 
The yield of light brown, crude material, m.p. 160-162 , is 
60-di g. (94 per cent of the theoretical amount). The pure 
product can be obtained by dissolving the crude material in 
200 cc. of boiling benzene, filtering, and cooling the filtrate to 
io°. The yield of yellow crystals melting at 161-162 (uncorr.) 
is 40-42 g. (65-70 per cent recovery). 

2. Notes 

1. The sodium nitrite must be finely powdered and added 
slowly with vigorous stirring to the sulfuric acid, which is kept 
at 5 in an ice-salt mixture. The evolution of oxides of nitrogen 
during the addition of the nitrite must be avoided. 

2. During this time the temperature of the mixture gradually 
rises to that of the room. When diazotization is complete a drop 
of the mixture will form a clear yellow solution if added to 10 cc. 
of cold water. 

3. Methods of Preparation 

i,2,3-Triiodo-5-nitrobenzene has been prepared by several 
workers 1,2,3 by the diazotization of 2,6-diiodo-4-nitroaniline 
(without the use of phosphoric acid) and subsequent treatment 
with potassium iodide. The present procedure is an example of a 
general method developed by Schoutissen 4 for diazotization of 
weakly basic amines, such as the 2,6-dihalogen derivatives of 
^-nitroaniline. 

1 Wilgerodt and Arnold, Ber. 34, 3343 (1901). 

2 Kalb, Schweizer, Zellner, and Berthold, ibid. 59, 1866 (1926). 

3 Haringtoii and Barger, Biochem. J. 21, 169 (1927). 
' Schoutissen, J. Am. Chem. Soc. 55, 4531 (1933). 



XXX 

TRIPHENYLMETHYLSODIUM 

(C 6 H 5 ) 3 CC1 + aNaHg -> Na[C(C 6 H 5 ) 3 ] + NaCl + 2 Hg 

Submitted by W. B. Renfrow, Jr., and C. R. Hauser. 
Checked by Lee Irvin Smith and E. C. Ballard. 

1. Procedure 

A solution of 63 g. (0.226 mole) of pure triphenylchloro- 
methane (Note 1) in 1500 cc. of pure anhydrous ether is pre- 
pared in a 2-1. bottle provided with a tight ground-glass stopper, 
and 2100 g. of freshly prepared 1 per cent sodium amalgam 
(0.9 gram atom of sodium) is added (Note 2). The stopper is 
greased with a small amount of Lubriseal and the bottle is stop- 
pered tightly. The bottle is clamped firmly in a mechanical 
shaker and shaken vigorously. The reaction is strongly exo- 
thermic, and the bottle should be cooled with wet towels during 
the shaking operation. A persistent blood-red color develops 
rapidly, generally within ten minutes. After shaking for three 
hours the bottle is cooled to room temperature, removed from the 
shaker, and allowed to stand undisturbed until the sodium 
chloride has settled to the bottom. 

The ether solution of triphenylmethylsodium is separated 
from the sodium chloride and amalgam by the following proce- 
dure. The stopper of the reaction bottle is removed and replaced 
immediately by a closely fitting two-holed cork carrying a short 
glass tube that protrudes about 1 cm. into the bottle, and a long 
tube bent into a U-shape. The short tube is connected through 
a drying train to a cylinder of nitrogen. One arm of the U-tube 
reaches to within about 4 cm. of the bottom of the bottle, and 
the other end extends just below the bottom of a two-holed cork 
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that is fitted tightly into a 2-1. Erlenmeyer flask. The latter is 
filled with nitrogen and serves as receiver for the decanted solu- 
tion. The cork of the Erlenmeyer flask is provided with a short- 
stemmed separatory funnel which serves to release nitrogen dur- 
ing the decantation and may be used subsequently to introduce 
reactants (Note 3). The corks are sealed by a coating of paraffin- 
wax. The stopcock of the dropping funnel is opened slightly, 
and the ether solution of triphenylmethylsodium is forced slowly 
and steadily into the nitrogen-filled flask by means of a small 
pressure of nitrogen from the cylinder. With proper adjustment 
of the height of the glass tube above the surface of the sodium 
chloride and amalgam, it is possible to remove all but 50 to 75 cc. 
of the ether solution. 

If a good grade of triphenylchloromethane and freshly pre- 
pared amalgam are used the yield of triphenylmethylsodium is 
almost quantitative. The solution may be analyzed approxi- 
mately, as follows: A 50-cc. aliquot portion is allowed to flow 
into 25 cc. of water in a separatory funnel. The aqueous layer 
is drawn off and the ether solution washed with three 25-cc. por- 
tions of water. The aqueous solutions are combined, boiled to 
expel ether, and titrated with 0.2 N sulfuric acid, methyl red 
being used as indicator. 

2. Notes 

1. A good grade of triphenylchloromethane, m.p. 112-113 , 
should be used. The commercial product may be recrystallized 
conveniently from a mixture of five parts of ligroin (b.p. 90-1 10 ) 
and one part of acetyl chloride, using about 1.8 g. of solvent per 
gram of material. 

2. A 1 per cent sodium amalgam is prepared by cutting 21 g. 
(0.9 gram atom) of sodium into pieces about 5 mm. square and 
dissolving them, one at a time, in 2 100 g. of purified mercury. A 
piece of sodium is speared on the sharpened end of a long glass 
rod and thrust quickly beneath the surface of the mercury, in a 
500-cc. wide-mouthed Erlenmeyer flask. To avoid damage from 
flying pieces of sodium resulting from the vigorous reaction, the 
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glass rod is inserted through a piece of heavy cardboard which 
serves to cover the mouth of the flask during the reaction. 

Sodium amalgam may be prepared also by the careful addition 
of pure mercury to molten sodium cohered with toluene, prefer- 
ably in a Kjeldahl flask (Org. Syn. Coll. Vol. I, 539, Note 1). 

3. Triphenylmethylsodium is a useful reagent for the prep- 
aration of the sodium derivatives of very weak acids (aliphatic 
esters, acid anhydrides, etc.). An example of this procedure, 
using ethyl zV<?-butyrate, is given on page 43. 

3. Method of Preparation 

The procedure described above is a modification of the method 
of Schlenk and Ochs. 1 

1 Schlenk and Ochs, Ber. 49, 608 (igi6). 



ADDITIONS AND CORRECTIONS FOR 
PRECEDING VOLUMES* 

(The numbers in parentheses following the name of the compound refer to the 
volume and page of Organic Syntheses. New methods or changes in procedure 
have not been checked unless otherwise noted.) 

m-Bromobenzaldehyde (13, 30) : 

The procedure described in Note 6 gives a product that may- 
contain more than 20 per cent of m-chlorobenzaldehyde. This 
contamination can be avoided by using stannous bromide instead 
of the chloride as the reducing agent. 

A solution of stannous bromide is prepared by heating 119 g. 
( 1 gram atom) of mossy tin with 705 g. (4 moles) of 46 per cent 
hydrobromic acid for two hours on a steam bath, with mechanical 
stirring. The solution is cooled to 40 , and 50 g. (0.33 mole) of 
m-nitrobenzaldehyde is added in one portion, with continued 
stirring. The temperature rises from the heat of reaction and 
finally reaches about 105°. After heating for one-half hour 
longer on a steam bath, the reaction mixture is cooled to o° and 
the aminobenzaldehyde diazotized by the gradual addition of 23 g. 
(0.33 mole) of sodium nitrite in 75 cc. of water. The diazonium 
solution is poured into a hot suspension of cuprous bromide 
(prepared as described in Note 6), 100 cc. of 46 per cent hydro- 
bromic acid is added, with stirring, and the mixture allowed to 
stand overnight. The mixture is steam-distilled and the m-bro- 
mobenzaldehyde isolated by ether extraction and vacuum dis- 
tillation; b.p. CjO-C;2 /4 mm. The yield is 41 g. (67 per cent of 
the theoretical). 

F. T. Tyson, private communication. 

* The usual section devoted to later references to preparations in the preceding 
volumes has been omitted from the present volume. This material will be included 
in Collective Volume H, covering Volumes X-XIX, which is scheduled to appear 
in 1942. 
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2-Carbethoxycyclopentanone (17, 30): 

Reference was omitted to the elegant modification of Dieck- 
man's method described by Linstead and Mead, J. Chem. Soc. 
1934, 940. The procedure is simple and is reported to give con- 
sistently high yields (86-90 per cent). 

S. Krishnamurthy, private communication. 



Chelidonic Acid (17, 40) : 

The product named ethyl chelidonate on page 41, line 17, is 
actually acetonedioxalic ester [CO(CH2COC02C2Hs)2], since cy- 
clization does not occur until the subsequent operation. The 
equation at the top of page 40 should be modified accordingly. 

Harold King, private communication. 



Coupling of o-Tolidine and Chicago Acid (16, 12) : 

One sample of technical Chicago acid contained so much of 
the impurity giving rise to the red dye that the removal of this 
dye by resalting presented considerable difEculty. Contrary to 
the statement of Note 9, it was found very advantageous in this 
case to purify the starting material. Seven hundred grams of a 
Chicago acid paste found by titration to contain 26.6 per cent 
of i-amino-8-naphthoI-2,4-disulfonic acid was dissolved by heat- 
ing in 2 1. of water, the solution was filtered, heated to 70 , and 
salted out by the addition of sodium chloride (600-650 g.) until 
a thick paste was obtained. The precipitate was collected at 40 , 
pressed well by means of a rubber dam, dissolved in 2 1. of water, 
and resalted exactly as before. After drying for thirty-six hours 
in a vacuum oven at 75, the nearly white product weighed 150- 
155 g. and contained 78 per cent of active reagent. The dye 
("Tolidine-1824") obtained from this material showed no red 
impurity in the capillary test after the second salting. 

L. F. Fieser and M. E. Gross, private communication. 
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Cyclohexyl Bromide (15, 26): 

Cyclohexyl and cyclopentyl bromides may be prepared con- 
veniently by simple modifications of the general procedure using 
hydrobromic-sulfuric acid (Org. Syn. Coll. Vol. I, 26). 

A mixture of 100 g. (104 cc, 1 mole) of pure cyclohexanol 
(b.p. 159-160°) and 370 cc. of the hydrobromic-sulfuric acid solu- 
tion (3 moles of hydrobromic acid, 1.5 moles of sulfuric acid) is 
allowed to stand overnight and then heated for one-half hour on 
a steam bath. The bromide layer is separated and washed with 
cold 85 per cent sulfuric acid (five volumes of concentrated acid 
diluted with one volume of water) , followed by sodium carbonate 
solution and water. After drying over calcium chloride the prod- 
uct is distilled under reduced pressure (b.p. 63-65°/25 mm.; 
«d 1.4936). The yield is 130-132 g. (80-82 per cent of the 
theoretical). 

Cyclopentyl bromide was prepared in the same way from 
86 g. (1 mole) of pure cyclopentanol (b.p. 139-140°) and 430 cc. 
of the hydrobromic-sulfuric acid mixture (1.75 moles hydro- 
bromic acid, 3.5 moles sulfuric acid). The product distilled at 
75-78 / 120 mm. (n 2 ^ 1.4900) and weighed 133 g. (89 per cent 
yield) . 

Oliver Gsummitt, private communication. 

Diazomethane (15, 3) : 

Attention is again directed to Note 6, warning against the 
toxic effects of this substance. A severe case of diazomethane 
poisoning has been reported by Sunderman, Connor and Fields, 
Am. J. Med. Sci. 195, 469 (1938). 

Phenoxthin (18, 64) : 

The boiling range recorded at the bottom of page 64 should 
read: i40-i6o°/5 mm. 
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(This Cumulative Index Comprises Material from Volumes X through XIX of this Series, 
for Previous Volumes see Collective Volume I.) 

(Names in small capital letters refer to the titles of preparations which are given in full 
detail. A number in ordinary bold-face type denotes the volume. A number in bold-face 
italics refers to a page which gives preparative directions for a substance formed either as 
principal product or as a by-product, or to a product which has been prepared by a method 
analogous to the one given. Other numbers in ordinary type indicate pages on which a 
compound is mentioned incidentally or information is given concerning an item other than 
a compound ) 



Acetal, 10, 107 
Acetaldehyde, 12, 48 
Acetamide, 14, 84 

a-AcETAMrNOCINNMHK ACID, 19, 1, 67, 

17 
azlactone of, 19 , 1 
Acetic acid, purification, 17, 47 
Acetic anlydride, 12, r; 13, 8, 14, 40, 

15, 85; 16, 28; 19,t,4 
ACETOBENZYL CYANIDE, 18, 66 
AcETO-^-CYMENE, 14, 1 
ACETOL, 10, J, 84; 18, 83 
Acetone, 10, 12; 11, 4; 12, 22; 15, 1; 

17,41 
Acetone cyanohydrin, 11, 4, 15, 1 
Acetonedioxalic ester, 19, 87 
Acetonitrile, 15, 70 
Acetonylacetone, 16, 25, 26 
o-Acetophenol, 13, 92 
/i-Acetophenol, 13, 92 
Acetophenone, 10, 74; 11, 102; 15, 67, 

17, 76; 19, 24 

2-AcEIOTHIENONE, 18, 1 
AcETrrRJC ACID, 19, 4 

/3-AcetyIaminonaphthalene, 13, 72 
Acetylation 

of benzoin, 12, 1 

of ice/.-butylbenzene, 14, 3 

of cumene, 14, 3 

of glycine, 19, 4 

of thiophene, 18, 1 
Acetyl benzoin, 12, 1 
Acetyl chloride, 14, 1 , 18, 1 



acetylenedicarboxylic acid, 18, 3 
Acetylglycine, 19, 1, 4 
iV-Acetylphenylalanine, 19, 69 
hexahydro derivative, 19, 68 
Acid chloride, preparation, 12, id; 13, 

32,15,77 
AcONITIC ACID, 17, 1 
AcEIDONE, 19, 6 

Acrolein, 10, 107; 11, 26 
Acrolein acetal, 11, 1, 52; 17, 91 
Acyloins, preparation, 13, 24 
Addition of bromine 

to butadiene, 17, 29 

to cyclohexene, 12, 26 

to ethyl cinnamate, 12, 36 

to fumaric acid, 18, 17 
Adipic acid, 13, 32, 106, 110; 15, 87; 

17, 0! 
Adipyi chloride, 13, 32 
^-Alanine, IB, 1 
^/-Alanine, 10, 10;; 15, 87 
Alcohols, preparation 

by crossed Cannizzaro reaction, 18, 79 

by Grignard syntheses, 11, 98; 12, 48; 
15, II 

by reduction of aldehydes, 15, 80; 
18,79 

by reduction of esters, 10, 62, 14, 20; 
15, Si 

by reduction of ketones, 10, 60 
Alcoholysis of olive oil, 15, 32 
Alkylation of wz-toluidine, 18, 41, 42 
2-Alkylbenzimidazoles, 19, 14, 72 
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Alkyl bromides, preparation, 15, 24 
Alkylhydrazines, preparation 16, r8, 22, 

Si 
Alkyl iodides preparation, 13 60, 15, 29 
Alkyl nitrites, preparation, 10 22, 16, 

7,44 
Alkyl phosphates, preparation, 16, 9 
Alkyl sulfates, preparation, 19, 27 
Alkyl sulfides, preparation, 15, 72 
Alkyl sulfites, preparation, 19, 29 
A -Alkyl m-toluidines, 18, 42 
Allantoin, 13,1 
Alljl alcohol, 10, 107, 16, 85 
Allylamine, 18 5 
AIM cyanide, 16, 85 
Allyl lsothiocyanate, 18, 5 
Alumina, 17, 27 

Aluminum, amalgamated, 14, 34 
Aluminum chloride 12, 16, 62 80, 13, 
12, 32, 90, 14, 1, 36, 15, 77, 16, 45, 
17,51,58,18,30,19,24 
Aluminum ethoxide, 15, 82 
Aluminum ethylate, 15, 82 
Amides, preparation from mtnles, 13, 

95, 16, 4 
Amines, preparation 

from amides, 16, 4 

from isothiocyanates, 18, 5 

from ketones, 17, 76 

from oximes, 11, 58 
m Aminobenzaldehyde, 13, 28 

0-AMttOBl.NZl.Ni.SULlOMC ACID, 16, 55 

^-Aminobcnzoic acid, 13, 54 
7-Aminobutyric acid, 17, 4 
a Amino iso but\kic acid 11, 4 
t Aminocaproic acid, 17, 7, 19 20 
2 Aminoethanesulfonic acid, 10, 98 
2 Aminofluorene, 13, 74 
2 Amino 4 methylthiazoie, 19, 10 
1 Amino 2 Naphihol hydrochloride, 

11,8,17,9,68 
r Ami^o-4-naphthol hydrochloride, 

17, 9, 69 
1 Amino 2 naphthol-4 sulfonic acid, 

11,12,15,91,17,91 
\minonaphtholsulfonic acids, coupling 

to form azo dyes, 16, 16 
p-Aminophenol, 15, 39 



Aminopiperole, 16, b 

3 Aminopropionic acid, 16, 1 

4 Amino verateole, 16, 4 
Ammonium dichromate, 15, 74, 19, 31 
Ammonium formate, 17, 75 
Ammonium thiocyanate, 15, 74, 19, 79 
Ammonium vanadate, 13, 1 ro 

n Amyl alcohol, 13, 17 

tert Amyl alcohol, 13, 68 

n Amylbenzene, 10, 4 

»-Amyl borate, 13, 17 

tt-Amyl bromide, 16, 41 

iso Amyl iodide, 13, 62 

»-Amyl iodide, 13, 62 

n Arnylmagnesium bromide, 16, 41 

iso Amyl mtnte, 16, 8 

« Amyl phosphate, 16, 10 

sec Amyl sulfide, 15, 73 

Aniline, 11, 62, 13, 96, 14, 24, 15, 59, 

18,27,19,6,55 
Aniline hydrochloride, 13, 46 
Aniline-o-sulfonic acid, 15, 55 
Amsalacetone, 10, 115 
y Amsylbutync acid, 17, 97 
Anthracene, 16, 74 

Anthramlic acid, 12, 76, 17 16, 19, 52 
Anthraqumone, 14, 4, 16, 74, 18, 72 
Apparatus 
for absorbing hydrogen chloride, 12, 

16, 14, 2, 72 

for brominating aniline, 13, 96 

for catalytic hydrogenation, 16, 79, 

17, 45, 19, 48 

for continuous extraction, 10, 104 

for cracking cyclohexene, 17, 27 

for distillation of liquids that foam 

or creep, 19, 42 
for dropwise addition of liquids, 18, 

16 
for estenfication, 10, 49, 11, 102 
for evaporation under reduced pres 

sure, 12, 4 
for extracting a solid, 18, 52 
for gas absorption 12, 1 2 
for Gattermann Koch aldehyde syn- 
thesis, 12, 81 
Hershberg stirrer, 17, 31, 18, 15, 73 
for inverted suction filtration, 16, 81 
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Apparatus — Continued 

for making fluobonc acid, 13, 49, 54, 

18,21,19 41 
for riitrosation with methyl nitrite, 

16,44 
for oxidation with oxides of nitrogen, 

10,54 
for preparation of alkyl iodides, 13, 

60 
for preparation of anhydrous hydro- 
gen bromide, 15, 3^ 
for preparation of ethyl nitrite, 10, 23 
for preparation of ketones with thona 

catalyst, 16, 47 
for steam distillation, 17, 21, 19, 42 
suction filtration with "rubber dam," 
12, 31, 18, n 
I Arabmose, 17, gi 

\rginme dmitronaphtholsulfonate, 14, 5 
i Arginlne hydrochloride, 12, 4 
\rsanilic acid, 16, 85 
\rsonoacetic acid, 10, 108 
Arylarsonic acid, preparation, 15 59 
y Arylbutync ester c , 18, 25 
\r>lsulfur chlorides preparation, 15 45 
Azelaic 4CID, 13, 4 15, 87 
A^eotropic mixture , 10, 89, 13, 16 
Azibenzii, 15, 62 
\zlactone of « acetammocimiamic acid, 

19,1 
\zlactone of a benzoylammociimamic 
acid, 14, SO 

AZLACT0I\E 0} a BENZOYLAMINO 3 
(3,4 - DIMETHOXYPHENYl) ACRYLIC 
ACID, 13, 8, 15, 31 

Azo dyes, preparation and purification 

16,12 
AzOX\BENZENE, 11, 16, 17, 95 



Barbituric acid, 12, 58, 18, 8 
Barium nitrate, 19, 31, 33 
Ucnzalacetophenone, 10, 80, 14, 84, 17, 

5i 
litnzalazine, 16, 51 
Buizaldehyde, 12, 5, 6, 22, 16, 51, 19, 1 

iil \/\LPHTHALIDE, 13, 10 

BLIS^ ENTHRONE, 14, 4, 15, 87, 92, 16, 85 



Benzenediazomum fluoborate, 13, 47 
^-Benzenediaronuim sulfonate, 17, 9 
Benzenesulfonyl chloride, 10, 6, 14, 

84 
Benzidine, 18, 20 
Benzidine dyes, 16, 16 
Benzil, 10, 108, 15, 63, 16, 85, 18, 83 
Bcnzil hydrazone, 15, 62 
Bej > zimidazole, 19, 12 
Benzohydrol, 16, 85, 18, 83, 87 
Benzohydroxamic acid, 19, 15 
Benzoic anhydride, 15, 87 
Benzoin, 10, 108, 12, 1, 20, 34, 17, 91, 

18,83 
acetate of, 12, 1 
Benzophenone, 10, 10, 28, 108, 11, 95, 

14,8,16,85,17,89,18,83 
Benzophenone dichlonde, 11, 94, 95 
Benzophenoneoxime, 10, 10, 28 
Benzopinacol, 14, 8, 12 
/3 Benzopinacolone, 14, 12 
Be'^zoquinone, 16, 73 

6 Benzoylamino a dromocaproic 

ACID, 19, IS 61 

rt Benzoylaminocinnamic acid, azlac- 

tone of, 14, 80 
a- Benzoylamino /? (3,4 Dimethoxy- 

phlnyl) acrylic acid, azlacione 

of, 13, 8, 16, 31 
Benzoylation, 12, 41, 16, iS, 19, 21, 43 

7 Benzoylbutync acid, 13, IS 
Benzoyl chloride, 12, 41, 62, 16, 18, 19, 

21, 43 
Blnzoylene urea, 17, 16, 18, 87 
Benzoylformic acid, 16, 89 
dl t Benzoyllysine, 19, 61 
Benzoyl peroxide, 13, 86 

analysis of, 13, 88 
(3 Benzoylpkopionic acid, 13, 12, 15, 

64,92,16,85, 17,97 
Bfnz\l alcohol, 18, 80 
Benzyl benzoate, 10, 108 
Benzyl chloride 12, 10 
Benzyl cyanide, 11, 40, 16, Ss, 18, 66, 

19,73 
purification, 16, 89 

BENZYLIDENEARGrNTNl , 12, 4 

Benzj lmagnesium chloride, 10, 4 
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BilNZYL PHTHAUMIDE, 12, 20 

Berl Kuhlmann copper block, 19, 8 
BfTAINP. HYDRAZIDE hydrochloride, 

18, 10 
Biacetyl monoxime, 10, 22 
4,4'-Biphenylene-&is-diazonium 
rluoborate, 18, 21 

BlbTYHIL, 16, 28 

Boric acid, 13, t6, 46, 52; 18, 21 
BuOMAt, 17, 18 
Bromination 

of acetone, 10, 12 

of acetophenone, 19, 24 

of lcrt.-a.myl alcohol, 13, 68 

of aniline, 13, 96 

of benzoylamir.ocaproic acid, 19, 18 

of ^-bromo toluene, 17, 20 

of diberjzoylmetliaue, 13, 38 

of 2, 4-dihydroxybenzoic acid, 17, 23 

of mesitylene, 11, 24 

of naphthalene, 10, 14 

of /i-nitrophenol, 15, 6 

of ^-nitrotoluene, 16, 54 

of paraldehyde, 17, 18 

of pbenoldisulfonic acid, 14, 15 

of wa-propylmalonic acid, 11, 20 
Bromine, addition, 12, 26, 36; 18, 17 
Bromacetaldehyde, 17, 18 
Beomoacitone, 10, r, 12; 14, 84 
u-Bromoacetophenone, 19, 24 
p-Bromobenzal bromide, 17, 21 
m-Bromobenzaldehyde, 13, 30, 19, 86 
^-Bromoeenzaldehyde, 17, 20; 18, 62 
/1-brom-obfn7ai.dtacetate, 18. 63 
^-Bromobenzoic acid, 17, 21 
^-Bromobiphenyl, 16, 85 
a-Bromo-iro-caproic acid, 11, 22 
u-Bromo-«-caproic acid, 11, 22 
Bromocyanocen, 11, 30 
/3-Bromoethylamine hydbobromide, 

18, 13, 77 
Beomomesitylene, 11, 24, 66 
a-Bromo-0-methylvaleric acid, 11, 22 
a-BROMONAPHTHALENE, 10,14; 11, 80 
?»-Bromonitrobenzene, 14, 67 
2-Bromopentane, 11, 84, 85 
o-BROMOPFENDL, 14, 14; 15, 88; 18, 83 
a-f-Bromophenyletbylamine, 17, 78 



4-Bromoresorclsiol, 17, 23 
^-Bromotoluene, 17, 20 

tt-BROMO-ifO-VALERIC ACID, 11, 20 

Buffers, 10, 18 

1,3-Butadiene, 17, 25 

iso-Butyl alcohol, 13, 20 

»-Butyl alcohol, 10, roi, 104; 13, 16; 

15, 51; 16, 7, 9, 60; 19, 29 
K-Butylamine, 11, 59 
Mc-Butylamine, 11, 59 

»-BuTYL BORATE, 13, 16 

MO-BUTYL BROMIDE, 13, 20; 14, 84; 

16, 85 

M-Butyl bromide, 15, n; 17, 91 
sec. -Butyl bromide, 11, 77; 13, 21 
x-Butyl K-butyrate, 10, 109; 17, 91 
ra-But3'l chloride, 10, 5, log; 19, 27 
M-Butyl ether, 11, 84; 19, 45 
iso-Butyl iodide, 13, 62 
m-Butyl iodide, 13,62 
sec-Butyl iodide, 13, 62 

«-BuTYL NITRITE, 16, 7, 46 

w-Butyl oleate, 15, 51, 52 

M-BUTYL PHOSPHATE, 16, 9 

sec. -Butyl phosphate, 16, 10 

M-BUTYL SULFATE, 19, 27 

n-Butyl sulfide, 15, 73 
W-BUTYL SUI.HTE, 19, 27, 29 
«-Butyl />-toluenesulfonate. 10, 4; 15, 88 
M-Butyl-ffj-toluidine, 18, 42 
Butyhoin, 13, 24 
wo-Butyroin, 13, 26 
o-Butyrophenol, 13, 92 
j>-Butyrophenol, 13, 92 
wa-Butyry] chloride, 19, 44 
M-Butyryl chloride, 14, 90; 16, 86 



«-Caproic acid, 11, 78; 16, 62 

^-Caprolactam, 17, 60; 19, 21 

o-Ciprophenol, 13, 92 

^-Caprophenol, 13, 92 

^-Carbethoxybenzenediazonium fluobo- 
rate, 13, S3 

2-Carbethoxycyclopehtanone, 17, JO; 
19,87 

Carbon disulfide, 12, 62 ; 13, 90 
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Carbon monoxide, 12, 80 
Carbon tetrachloride, 17, 86, 87 
Casein, 10, 16, 100 
Castor oil, 13, 4 
Catalyst 

carbon tetrachloride, 17, 87 

copper chromite, 19, 31 

copper-chromium oxide, 19, 31 

copper oxide, 19, 6 

for bromination (AICI3), 19, 24 

for chlorate oxidations, 11, 47; 16, 73 

for zinc reductions, 16, 71 

Gilman's, for starting Grignard reac- 
tions, 11, 67 

palladous oxide — palladium black, 16, 

77 

platinum, 17, 93, 98; 19, 67 

sodium cyanide, 19, 38 

stannic chloride, 18, 2 

sulfur, 17, 18 

thorium oxide on pumice, 16, 49 
Catechol, 10, roc); 18, 83 
Cellobiose, 17, 34 

a-cellobiose octaaceiate, 17, 34, 36 
Cetyl alcohol, 10, 64; 15, 20 
Cetyl iodide, IS, 27, 29 
Chelidonic acid, 17, 40; 19, 87 
Chicago acid, 16, 13 

purification, 19, 87 
Chloral, 15, 80; 19, 38 
Chlorination of ^-chlorotoluene, 12, 12 
Chlorine, 12, 12; 15, 45; 16, 5 
Chloroacetic acid, 12, 40; 13, 42; 18, 

5°, 56 
Chloroacetone, 19, 10 
a-chloroanthraquinone, 18, is 
»z-Crxorobenzaldehyde, 13, 28 
/>-Chlorobehzaidehyde, 12, 12; 18, 83 
o-Chlorobenzoic acid, 10, 20; 14, 85: 

19,6 
o-Chlorobenzoyl chloride, 16, 86 
4-Cht.oro-i-butanol, 17, 84 
•y-Chlorobutyronitrile, 13, 106; 17, 4 

|8-CnLOROETHYL METHYL SULETDF, 14, IS 

Chloroform, 17, 58 
a-Chlorohydrindene, 18, 47 
f-Chloromercuribenzoic acid, 14, 85 
2-Chloromercurithiophene, 18, 2 



Chloromethyl ether, 14, 92 
>re-Chloronitrobenzene, 14, 67 
ar-/>-Chlorophenylethylamine, 17, 78 
/9-Chxoropropionaldehyde acetal, 

11, 1,26 
/3-Chloropropionic acid, 17, 95 
Chlorosulfonic acid, 10, 6 
a-Chlorotoluene, 10, 20, 109; 14, 85 
^-Chloro toluene, 12, 12 
^-Cholestanol, 17, 4S 
Cholestanone, 17, 43 
Cholesterol, 17, 45 
Cholesteryl acetate, 17, 45, 47 
Ciiinamaldehyde, 16, 28 
Cinnamyl alcohol, 15, 84 

ClTRACONIC ACID, 11, 28, 7 1, 74 
ClTRACONIC ANHYDRIDE, 11, 28, 71, 74 
Citric acid, 11, 70; 13, in; 17, 1 
Claisen-Schmidt condensation, 12, 22 
Clemmensen reduction, 17, 97 
Condensation 

of an a-/3-unsaturated ketone with 

ethyl malonate, 15, 14 
of an aldehyde with an amino acid, 

12,4 
of an aldehyde with hippuric acid, 13, 

8; 14, 8r 
of benzaldehyde with acetone, 12, 22 
of benzaldehyde with acetylglycine, 

19,1 
of benzaldehyde with hydrazine, 16, 

61 
of benzoin with urea, 12, 34 
of chloroacetone with thiourea, 19, ro 
of cinnamaldehyde with phenylacetic 

acid, 16, 28 
of a 1,4-diketone with ammonia, 16, 

25 
of an ester to form an acyloin, 13, 24 
of an ester with an acid chloride, 

19,43 

of ethyl acetate with benzyl cyanide, 
18,66 

of ethyl acetoacetate with ethyl a- 
aminoacetoacetate, 15, 17 

of ethyl acetoacetate with formalde- 
hyde and ammonia, 14, 30 

of ethyl acetoacetate with urea, 17, 63 
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Condensation — Continued 

of ethyl bromomalonatc with itself, 
11 36 

of ethyl malonate v. ith urea, 18,8 

of ethyl oxalate with acetone, 17, 40 

of ethyl oxalate with benzyl cyanide, 
11,40 

of etbyl oxalate with ethyl phenyl- 
acetate, 16, 33 

of ethyl oxalate with ethyl y phenyl 
butyrate, 18, 24 

of ethyl oxalate with ethyl propio- 
nate, 17, 54 

of methyl nitrate with benzyl cyanide, 

19,73 

of a mtroso compound with dinitro- 
toluene, 12,30 

of phthalic anhydride with phenyl 
acetic acid, 13, 10 
Copper chromite cataxyst, 19, 31, 48 
Copper chromium oxide, 19, 31, 48 
Copper powder, 12, 46, 55, 14, 4, 67, 

19, 40 
Cotton, cellobiose from, 17, 36 
Coupling of tomdinl and citicago 

acid, 16, 12, 17, 96, 19, 87 
Crotyl alcohol, 15, 84 
Cupferron, 10, no 
Cupnc nitrate, 19 31, 33 
Cupnc oxide, 19, 6 
Cupnc sulfate, 19, 58 
Cuprous bromide, 13, 30 
Cuprous chloride, 12, 80, 13, 29 
Cyanoacetarmde, 10, 66 
Cyanogen bromide, 11, 30 
Cyanohydnn formation, 15, 1 
Cyclization of ethyl a ethoxalyl 7 
phenylbut) rate, 18, 25 

of •y-naphthylbutync esters, 18, 26 

of N-phenylanthramlic acid, 19, 7 
Cyclohexanol, 13, no, 17, 27 
Cyclohexanone, 19, 20 

CYCtOHEXANONEOXIME, 11, 56, 59, 17, 

So, 19 20 
Cyclohexene, 12, 20, 14, 85 16, 86, 17, 

25,27,19 36 
Cyclohexylamme, 11,59 
Cyclohexylbenzene, 19, 36 



Cyclohexyl bromide, 15, 26, 19, 88 
Cyclopentanone, 10, no, 13, no, 14, go 
Cyclopentyl bromide, 19, 88 
p Cymene, 14, r 
/-Cystine, 10, no 



Decamethilene glycol, 14, 20 
Decarboxylation, 14, 32 , 15, 20, 17, 23 
Dehydration, 10, 66, 78, 12, 66, 13, 39, 

15,8 S ,03,16,75,17 1,27,89 
Dennis bar, 17, 3 
Desoxybenzoin, 12, 16, 13, 106, 14, 

85, ", 91 
DES1L CHLORIDE, 12, 20 
Diacetonamine hydrogen oxalate, 14, 85 
Diacetone alcohol, 10, no 
Diacefyl monoume, 10, 22 
Diallylcyanamide, 10 no 

1,2 DlAMINOBENZENE, 19, 70 

Diammodurene, 10, 41 

2,4 Diamino-i-naphthol, 17, 13 

2,4 DlAMINOIOLUENE, 11, 32 

Dianisalacetone, 10, lis 
Diamsidine, 16, 16 

DIA70AMINOBENZENE, 14, 24 

Diazo compounds, aliphatic, prepara- 
tion, 15,3 62, 16,86 
Diazofluorene, 15, 63 
DlAZOMETHANE, 15, 3, 16, 86, 19, 88 
Diazotization 

of m-aminobenzaldehydc, 13, 28, 19, 

86 
of p aminoplienol, 15, 39 
of aniline, 13, 46, 14, 24, 15, 59, 

18,27,19,55 
of anthramhc acid, 12, 76 
of benzidine, 18, 20 
of benzidine types, 16, 12, 18, 20 
of 2,6-diiodo-4-nitroanihne, 19, 81 
of etbyl p aminobenzoate, 13, 52 
of 5 lodoanthramlic acid, 19, 57 
of Q naphthylamine, 12, 54 
of jSmtroamline, 19, 40 
of sulfamlic acid, 17, 9 
of o-tohdine, 16, 12 
of tribromoamlme, 13, 96 

DlBENZALACETONE, 12, 22 
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Dibenzohydryldisulfide, 11, 95 

1,4 DlBENZOYLBUTANE, 13, 32, 18, 83 

DlBENZOYLDIBKOMOMITHANL, 13, 38 

Dibenzoyldimethylhydrazme 16, 19 
Dibenzoylhydrazme 16, 1 S 
Dibenzoylmethane, 13, 38 
Dibenzyl ketone, 16, 48 
Dibromoacetaldehyde, 17, 18 

2 6 DlBROWO 4 AMINOPHElvOT CHTORO 

STANNATF 15 8 
1,2 DlBROMOCYCLOHEXANE, 12, 26 

a,y Dibromohydnn, 14 42, 16, 31 
Dibromonaphthalcnc 10, 14 

2 6 DlBKOilO 4 NITROPHENOL, 15, 6, 8 
2,6 DlBEOMOQUINONF 4 CHLOEOIMIDE, 

15 8 

a,0 DlBROMOSLCCINIC ACID, 18, 3, 17 
Dl n BUTYTCARBINOL, 15, 11 
Di n butyl ether, 11 84, 19, 45 

DlCHLOROACETIC ACID, 19, 38 
a, y Dichlorohydnn, 16, 30 
Dioc1nhex}lbenzene 19, 37 
Diethyl adipate 17, 30, 32, 19, 48 
Diethylarrune 10, 58, 14, 28 
/8-DiethylamiimOEthyl alcohoi 14, 

28,18, 83 
Diethyl carbonate, 11, 98 
Diethyl esters, su, aho Ethyl 
Diethj 1 sebacate, 19 45, 46 
Difthvizinc, 12, 86, 16, 86 
4 4'-DlELU0R0BIPHEN\L, 18, 20 
DlHYDEOCHOLESTEEOL, 17, 43, 45 

1,4 Dihydro 3 5 dicarbethovy 2,6 di- 
methylpyndine, 14, 31 

3,4 Dihydro 1,2 naphthalic anhy- 
dride, 18 24, 59 

2,4 Dihydroxybenzoic acid, 17, 23 

2 4 Dihydroxy-5 bromobenzoic acid , 17, 

23 
2,4-Dihydrox>-3,5 dibromobeiizoic acid, 

17,24 
2,6 DlIODO p NI1ROANILINE, 12, 28, 

19, 81 
a Diketones, 15, 68 

DlMLTJONE, 15, 14 

3 4 DlMLTHOXYAMLINE, 16, 4 

3 4 DlMETHOXYBENZALDEHYTJE 13, 8, 
102, 15, 85, 16, 88, 91 



3,4 DlMETHOXYBENZONITRILE, 15, 85, 

16, 4, 92 
3,4 DlMFTHOX\PHfNYLACITIC ACID, 15, 

31 

3 4 Dimethoxyplien\ lpviuvic icid, 15, 

33 
Dimetliylamine, mtrosation 16, 22 
p Dimethylaininobenzophenone, 14 86 
Dmiethylamline, 12, 30 19, 79 

1.4 Dimethyl 5 caebethoxypyeeole, 

17 48 

3.5 DIM.E1HVL 1,3 CiCLOHLXANl DIONJ , 

16 14 

2 4 Dimethyl 3 5 Dicarblthoxypye 
eole, 15 17 20, 17 g6 

1 5 Dimethyldihydroresorcinol, 15, 

14 

2 3 Dimethylfuran, 16, 26 
DlMETHYLGLYOXIME, 10, 22, 13, 106 
sym Dimlthylhydrazinl dihydeo 

CHLORIDE, 16, 18 

unsym Dimethylhydrazi>if hydro 

CHLORIDE, 16, 22 

Dimethyl malonate, 13, ioo 

2.6 Dimethylpyeidine, 14, 30 

2,4 DlMETHYLPYRROLl , 15, 20, 17, 48 
2 5-DlMETHYLPYRKOLF, 16, 25 
Dimethyl sulfate, 11, 67, 12, 52, 13, 56, 

102, 15, 41, 48, 16, 19, 51 
N,A Dimethyl p thiocyanoaniline 

19,79 
Dl NAPHTHYLMERCUEY, 12, 46 
2,4-DlNITEOANILINE, 15, 22 
2,4-DlNITROBENZALDEHYDE, 12, 30 
0-DlNITROBENZENE, 19, 41 
/"-DlNITROBENZENE, 19, 40 

Dirutrobenzylidene p aminodrmethyl 

aniline, 12, 31 
2,4 Dimtrochlorobenzene, 13, 36, 15, 22 
2,6 Dimtrochlorobenzene, 13, 37 
Dimtrodurene, 10, 40 
2,4 Dinitro 1 naphthol-7 sulfonic acid, 

12,3 

Di nitroplienyl disulfide, 15, 45, 55 

2,4 DlNITEOPIIENYLIIYDRAZINE 13, 36 

2,6 Dimtrophenylhy drazine, 13, 37 

2,4 Dimtrophenylsulfur chloride, 15, 46 

2,4-Dimtrotoluene, 11, 32, 12, 31 
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I ,4-DlPHENYLBUT ADIENE, 16,28; 18, 83 
I.I-DlPHENYLETHYlENE, 18, 87 
4,5-DlPHENYLGLYOXALONE, 12, 34 

Diphenylketimine hydrochloride, 10, 28 
Diphenylmercury, 15, 88 
DrPHENYLMETHANE, 14, 34; 18, 84 
Dtphfnvi mfthanf imine hyerochlor- 

ide, 10, 38 
/3,/3-dlphenylpropiophenone, 17, 51 

DlPHENYL SELENLDE, 18, 27, 30 
DlPHENYLSELENIUM DICHLOSIDr , 18, 30 
DlPHENYL SULFIDE, 14, 36 
DlPHINYL StTLFOXE, 10, 6 
DlPHTNYL TRIKETONE, 13, 38 
DlTHIOSALICYLIC ACID, 12, 76 

Di-^>-tolylethane, 10, no 
Di-^-tolylmercury, 14, 86; 18, 84 
k-Dodecyl alcohol, 10, 62; 13, 108, 14, 
87)15,24 

K-DODECYL BROMIDE, 15, 24; 16, 35 

«-Dodecyl cyanide, 16, 35 
Durene, 10, 32; 11, 101; 15, 88 

DuROQULNONE, 10, 40 

Dyes 

azo, preparation, 1G, 12; 19, 87 
capillary test for purity, 16, 16 
spot test, 16, 13 



Enanthic acid, 16, 39 

Epibromohydrln, 16, 31 

Eptchlorokydrin, 13, 106; 16, 30 

i,4-Epoxybutane, 16, 77 

Erucic acid, 10, 44 

Esterification, 10, 48, 70, 88; 11, 42, 13, 

16,42,17,32,19,40 
Ethanolamine, 18, 33 
Ethoxyacftic acid, 13, 42 
Ethyl acetate, 18, 66 
Ethyl acetoacetate, 14, 31, 38, 15, 17 ; 17, 

63; 18, 33, 84 
Ethyl acetosuccinate, 14, 38 
Ethyl /3-acetotricarballylate, 14, 39 
Ethyl adipate, 17, 30, 32, 19, 48 
Ethyl alcohol, anhydrous, 17, 87 
Ethyl J-aminobenzoate, 10, no; 13, 52, 

S4 



Ethyl benzoate, 10, SI; 19, 15 
Ethyl benzoylacetate, 18, 33 
Ethyl benzoylacetoacetate, 18, 33 

ETHYL a-BENZOYL-JiO-BuTYRATE, 19, 43 

Ethyl Benzoyldimethylacetate, 19, 

43 
Ethyl benzoyliormate, 16, 89 
Ethyl benzyl ketone, 16, 49 
Ethyl bromide, 11, 98; 12, 86; 15, 88; IS, 

86; 17, 48; 18, 40 
Ethyl bromomalonate, 11, 36 
Ethyl iio-butylmalonate. 11, 22 
Ethyl K-butylmalonate, 10, 109, 11, 21, 

22, 78 
Ethyl sec.-butylmakmate, 11, 22, 76, 77 
Ethyl «-butyrate, 13, 24 
Ethyl iso-butyryl-iso-butyrate, 19, 44 
Ethyl carbonate, 11, 98 
Ethjl chelidonate, 17, 40 
Ethyl chloroacetate, 18, 10 
Ethyl chlorof orrnate, 12, 38; 17, 49 
Ethyl cinnamate, 12, 36 
Ethyl a,/3-MBRouo-/J-PHENYLPROPiON- 

ate, 12, 36, 60 
Ethyl dihydroxymalonate, 10, 57 
Ethylene, 17, 25 

Ethylene chlorohydrin, 12, 68; 14, 28, <;5 
Ethylene cyanohydrin, 15, 88 
Ethylene dibromide, 10, 96 
Ethyl h-ethoxalyl-y-phfnyxbtjty- 

SAIE, 18, 25 
Ethyl ethoxalylprofionate, 17, 54, 

56 
Ethyl ethoxyacetate, 13, 42 
Ethyl ethylenetetracarboxylate, 

11, 36, 17, gi 
Ethyl p fluorobenzoate, 13, S3 
Ethyl formate, 10, 1, 2; 15, it 

purification, 15, 13 
Ethyl fumarate, 10, 48; 11, 102 
Ethyl hydrogen sebacate, 19, 45 
Ethyl iodide, 12, 86; 13, 62 
Ethyl laurate, 10, 62 
Ethyl maleate, 10, 51 
Ethyl malonate, 10, 55, 58; 11, 77; 15, 

14; 16, 60; 17, 86; 18, 8 
Ethyl methanetricarboxylate, 17, 

86 
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Ethyl A'-mlthylcarbamate, 12, 38; 

13, 84 
Ethyl methyl ketone, 10, 23, 17, 74 
Ethyl methyl kctoxime, 11, 59 
Ethyl methylmalonate, 17, 56 
E thy 1 1 -methylthiol-3-phthalimldopro- 

pane-3,3-dicarboxylate, 14, 58 
Ethyl nitrite, 10, 22, 25 

ETHYL A7-NIIROSO-i\ r -METHYLCAEBAMATE 

13, 84 
Ethyl orthoformate, 16, 4r 
Ethyl oxalate, 10, 51; 11, 40; 16, 33; 17, 

40, 34; 18, 24 
Ethyl oxomalonate, 10, 54, no; 15, 

88; 16,86 
Ethyl pentadecylate, 16, 37 
Ethyl pentanehexacarboxylate, 10, 59 
Ethyl phenylacetate, 16, 33 
Ethyl <x-pih;nylaceto acetate, 18, 36 
Ethyl -y-pHENYLBDTYB ate, 18, 25, 26 
Ethyl phenylcyanopyruvate, 11, 40 
Ethyl /3-phenylethyl ketone, 16, 49 
Ethyl phenylmalonate, 16, 33, 18, 84 
Ethyl phenyloxaloacetate, 16, 33 
Ethyl plitlialtmidomalonate, 14, 58 
Ethyl pluelate, 11, 42; 17, 91 
Ethyl propanetetracarboxylate, 10, 58 
Ethyl propionate, 17, 54 
Ethyl «o-propylmalonate, 11, 20, 21 
Ethyl salicylate, 10, 51; 11, 43 
Ethyl sebacate, 14, 20; 19, 45, 46 
Ethyl sodium phthalimidomalonate, 14, 

58 
Ethyl tetrametbylacetoacetate, 19, 44 
iV Ethyl m toluldine, IS, 40 
Ethyl w-teidecyi att, 16, 35 
Ethyl /S-uraminocrotonate, 17, 63 
Explosions, 12, 55; 13, 85, 16, 90 



Fermentation, 10, 84 

Filtration, inverted, 16, 81 

Flavianic acid, 12, 5 

Fluoboric acid, 13, 46, 52; 18, 21; 19, 

40,41 
Fluorene, 13, 74 
Fluorobenzene, 13, 46; 15, 89; 16, 86 



p FUJOROBFNZOIC ACID, 13, 52, 16, 86 

Formaldehyde, 10, 58, 13, 57; 14, 3 1, 1)2; 

16. 8i 
Formalin, 18, 79 
Formic acid, 19, 12 
Fricdel-Crafts reaction, 10, 32, 12, 16, 

62, 80; 13, 12, 32; 15, 77, 18, 1 
Fries reaction, 13, 90 
Fumaiic aclu, 10, 50; 11,46, 18, 17 
Furan, 13, 107; 14, 86, 16, 78, 17, 91 
2 Furancarboxylic acid, 13, 107, ici 
Furfural, 11, 46; 13, 107 
Furoicacid, 13, 107, in; 17, 92; 18, 84 
2-Furylcarbinol, 13, in; 16, 86 

Gabriel phthalimide synthesis, 12, 10 

14,58 
Gallacetophenone, 14, 40 
Gamma acid, 16, 16 
Gattermann-Koch synthesis, 12, 80 
Gelatine, 12, 4 
Giraed's reagent, 18, 10 
Glutamic acid, 10, 11 1, 13, 107 
rf-Glutamic acid, 17, 92 
Glutaric ACID, 10, 58; 14, 86, 90, 17, 

92 

Glutaric anhydride, 13, 13 
<2/-Glyceric aldehyde, 11, 50, 14, 86 
^/-Glyceric aldehyde acetyl, 11, 50, 

52 
Glycerol, 14, 4, 42 
Glycerol a, y-dibromohydrin, 14, 42; 

16, 31 

Glycerols a,Y-dichlorohydrin, 16,30 
Glycine, 10, in; 13, 107; 14, 86; 15, 89; 

16, 86; 19,4 
Glycine ethyl ester hydrochloride, 

14, 46; 16, 86; 17, 92 
Grignard reaction 

in »-buty] ether, 11, 84 

with acetaldehyde, 12, 48 

with butyl ^-toluenesulfonate, 10 4 

with carbon dioxide, 11, 80 

with methyl sulfate, 11, 66 

with ethyl carbonate, 11, 98 

with ethyl formate, 15, 11 

with ethyl orthoformate, 16, 41 

with water, 11, 84 
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Grignard reagent 

from w.-am\l bromide, 16, 41 
from benzyl chloride, 10, 4, 17, 8g 
from bromomcsitv lene, 11, 66 
from a bromonaphthalene, 11, 80 
from 2 bromopentane, 11, 84 
from n butyl bromide, 15, 11 
from ethyl bromide, 11, 98, 17, 48 
from iso propyl bromide, 12, 48 

Grignard synthesis 
of an acid, 11, 80 
of an aldehyde, 16, 41 
of an ester, 17, 48 
of a hydrocarbon, 10, 4, 11, 66, 84 
of a secondary alcohol, 12, 48 15, 1 1 
of a tertiary alcohol, 11, 98, 17, 89 

Guanidine nitrate, 13, 107, 17,92 



ansym Hi- ptachloropropane, 17, 58 
Heptaldehjde, 11,54, 14,91, 16 39 

HePTALDOXIME, 11, 54, 58 

Heptamethylene glycol, 14, 22 

2 Heptynol, 10, 60 

Heptanomtnle, 11, 54 

m Heptoic acid, 16, 39, 18, 84 

n Heptyl alcohol 14, 87, 91 

n Heptylaminf, 11, <;<; 58, 17, 92 

n Heptyl bromide, 15, 26, 16, 60 

Hershberg stirrer, 17, 31, 18, 15, 73 

n Hexadecane, 15, 27, 17, 02 

n Hexadecyl alcohol, 10, 64 15, 29 

n Hexadecyl iodide, 15, 27, 29 

n Hexaldehyde, 16, 41 

Hexamethylbenzene, 10, 35, 11, iot 

Hexamethyleni glycol 19, 48 

i,6-Hlxanidiol, 19, 48 

High pressure hydrogenation, 19, 48 

Hippueic acid, 12, 40, 13, 8, 14, 81 

/ HlSIEOINl monohydrochloride, 18, 

43 
Hoesch reaction, 15, 70 
Hofmann degradation, 16, 1, 4 
Homoveratric acid, 15, 31, 16, 87 
Hjdrazme hydrate, 18, 10 
Hydrazine sulfate, 10, 111, 13, 36, 15, 

62, 16, 18, 51 



a Hydrindone, 18, 47 
Hydrobrormc acid, 17, 92, 19, 86 
Hydrocarbon, saturated, preparation, 

11, 84, 15, 27 
H}drocmnamic acid, 16, 49 
Hydrofluoric acid, 13 46, 52, 18, 21 
Hydrofluoric acid burns, 13, 48 
Hydrogenation, 17, 45, 19, 48, 67 
Hydrogen bromidi (anhydrous), 15, 

24, 35, 18, 84 
Hydrogen chloride, 12, 80, 13, 43, 16, 

44, 17, 85 
Hydrogen cyanide (anhydrous), 15, 89 
Hydrogen peroxide, 13, 94, 15, 31, 16, 4 
Hydrogen sulfide, 16, 81 
Hydrolysis 
of an acetal, 11, 50, 16, 42 
of an acetate, 17, 34 
of an acetoacetic ester, 18, 34 
of an azlactone, 14, 80, 15, 31 , 19, 2 
of an ester, 17, 41, 63 
of a dihahde, 12, 12, 13, 38, 68 
of a ketimine 17, 7 
of a malomc ester, 11, 20, 76, 14, 58, 

16, 61 
of a nilrile, 11, 4, 96, 13, 95, 16, 4, 

", 4 
of a protein, 10, 100, 12, 4 
of a Schiff' s base, 12, 6, 30 
of a sulfonic acid, 14, 14 
of a sulfonyl chloride, 15, 55 

and p Hydroxyacetophenone, 13, 92 
p Hydroxyeenzoicacid, 14, 48 

1 Hydroxy 3,5 diiodoeenzuic acid, 14, 

52 
4 Hydroxy 3,5-dnodobenzoic aeid, 14, 

S3 
Hydroxyhhyl methyl sulfide, 14, 

18, 54 
Hydroxylamine hydrochloride, 15, 85, 

", 15 
o Hydroxypropiophenome, 13, 90 
p Hydroxypropiophenone, 13, 90 



Identification of sulfonic acids, 16, 65 
i-Indanonl, 18, 47 
Indene, 18, 47 
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lodination, 11, 62 
by iodine chloride, 12, 28, 14 -,2, 

19, 52 
of thiophene, 12, 44 
Iodine 11, 62, 12, 44, 13, 60, 14, 12, 53, 

15, 29 
Iodine monochlonde, 12, 28, 29, 14 5J 

19,52 
/> IODOAMLENL, 11, 62 
5 Iodoainthranilic ACID, 19, 52, ij 

IoDOBLNZENL, 19, 55 

m Iodobenzoic ACID, 19, 57 
o Todopheno] 14 87 
p Iodopiif'sol, 15, 39 
Iodoihiophene, 12, 44, 16, go 
Isobutyl, sec tso Butyl 
isodurene, 10, 37, 11, 66 
iso\itrosopropiophe\oi\e, 16, 44 
Itacomc acid, 11, 29, 70, 13, 111 

ITALOMC AMTiDRIDL 11, 28, 70 

J acid, 16, 16 

Ketene, 10, in, 13, 107, 15, 89, 17, 29, 

92 
a Ketoaldehj de% 15, 67 

2 KLTOHEXAMETHVLrNTMIM , 17, /, 60 

Ketone synthesis 

by Fnedel Crafts reaction 12, 16 62, 
13, 32, 90, 15, 77, 18, 1 

by Tries reaction, 13, 90 

bj Hoesch reaction, 15, 70 

by oxidation, 15, 41 , 17, 43 
Ketones, preparation from acids, 16, 47 
a Ketotetrahydronaphthaleni , 15, 

77 
Knoe\enagel reaction, 10, 58 

Lauryl aecohol, 10, 62, 13, 108, 14, 87 , 

15, 24, 18, 84 
Lauryl bromide, 15, 24, 16, 35 
Liebermann Burchard reaction, 17, 46 
d! Lysinj hydrochlorides 19, 61 

Magnesium, 10, 4, 11, 66, 80, 84, 98, 12, 
48, 15, n, 16,41, 17,48,86,89 



Malonic acid, 18, SO 
Malonitrii i , 10, 66 
Malonylurea, set Barbitunc lud 

1 Mentlionc, 14, 87, 17, 92 
Mercuration, 12, 46 54,18 2 
Mercuric chloride, 12 54 
Meicunc otide, 12, 44, 15, 62 
Mercury di 6" naphthyl, 12, 46 
\b"i\COMC acid, 11, 74 
Mesityiene, 11, 24 67, 14, 68, 87, 17, 

92 
Mesityl oxide, 15, 14 
dl Methionine, 14 58 18 8^ 
Methojie 15, 14 
MErnoxwcuoMirRiLE, 13, 56 
p Methoxj ben7ohydroxamic acid, 19, 

16 
Methylamine 12, 38, 18, 56 
Methylamme hydrochloude, 10, 112, 

15,48 
Methyl n amy 1 ketone 10, 60 14 87 
Methylamlme, 13, 82 
Methylation 

of benzalazine, 16, 3 i 

of dibenzoj Hydrazine, 16, 19 

of hydro*} acetomtnle, 13, 56 

of mesitylene, 11, 66 

of pyridine, 15 41 

of thiourea, 12, 52 

of \amlhn, 13, 102, 16, 91 

2 Methjlbenzimidazole, 19, 13 
Methyl benzoate, 10, 51, 13, 86, 15 32 
f Methylbenzohydroxamic acid, 19, 16 
Methyl benzoyl ketoxime, 16, 44 
Methal benzyl ketone, 16, 47, 18, 54 
Methyl chloride, 10, 32, 36 

Methyl chloroformate, 13, 100 
Methyl cyanide, 15, 70 
Methyleneaminoacetomtrile, 14, 46 
Methylene bromide, 10, 112, 16, 87 
Methyl ethyl ketone, 10, 23, 17, 74 
Methyl ethyl ketoxime, 11, 59 

S MrTIIILFURFURAL, 14 62 

a Methjl d glucoside, 10, 112 
Mfthyi homo\ era irate, 15, 31 
MlTH\LHYDRAZIM StU'ATT, 16, 51 
Ml TH\LI\II\ODIACETIC ACID, 18, 56 

Methyl iodide, 13, 60, 18, SS 
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•S-Mi.THYIJSOTHIOU.REA SULFATE, 12, 

52, 14, 54 
Methyl malonate, 13, ioo 
Methyl 0-naphthyl ketone, 17, 65 
Methyl niteate, 19, 64, 73 
Methyl nitrite, 16, 44 
Methyl oxalati , 10, 70 
3-mtthylpentanoic acid, 11, 76 
Methyl 0-phenylethyl ketone, 16, 49 
a-methyl-£k-phenylhydrazine, 13, 66 
Methyl-jso-propylcarbinoi, 12, 48, 

13, 108 
Methyl wo-propyl ketone, 13, 68; 

18,84 
j-Methyl-2-pyrtdonf, 15, 41 
Methyl sulfate, 11, 67; 12, 52, 13, 56, 

102; 15, 41, 48; 16, 19, 51 
Methyl 2-thienyl ketone, 18, 1 
1 - Methylthiol-3 - phthalamidopropane- 

3,3-dicarboxylic acid, 14, sq 
6-Methylueacil, 17, 63 
Monochloromethyl ether, 14. 92 
Morland salt, 15, 75 
Myristk add, 18, 84 
Myristyl alcohol, 10, 64 
Myristyl bromide, 15, 26; 16, 37 



Naphthalene, 10, 14; 16, 68 

/9-Na.phthalenedia.zonium chloride, mer- 
curic chloride compound, 12, 46, 
55,16,9° 

1,2-NAFirniALIC ANHYDRIDE, 18, 59 

^-Naphthoic acld, 11, 80; 17, 92 
0-Naphthoic actd, 17, 65 
a-Naphthol, 17, 10 
/3-Naphthol, 11, 8, 12; 17, 9 
Naphtholsulfonic acids, coupling, 16, 16 
^-Naphthoquinone, 17, 68 
^-Naphthoquinone, 17, 68 
/3-Naphthylamine, 12, 54 
7-Naphthylbutyric acids, 17, 07 
7-Naphthylbutyric esters, 18, 26 
a-(/9-Naphtliyl)-ethylamine, 17, 78 
/3-Naphihylmercuric chloride, 12, 

54; 16, qo 
Nickel, Raney catalyst, 16, 80 
Nicotinic acid, 10, 112 



Nitration 

of acetophenone, 10, 74; 11, 102, 16, 
87 

of /3-acetylaminonaphthalene, 13, 72 

of barbituric acid 12, <;# 

of fluorene, 13, 74 

of mesitylene, 14, 68 

of phthalimide, 16, 58 

of thiophene, 14, 76 

with methyl nitrate, 19, 73 
Nitrile formation, 13, 56; 15, 85; 16, 35 

?B-NlTROACETOPHENONE, 10, 74, 11, 

102; 16, 87, 17, 92 

I-NlTHO-2 -ACETYLAMINONAPITTHALENE, 

13,72,78,17,92 

S-Nitro-2-acetylaminonaphthalene, 13, 

73 
8-Nitro-2-acetylaminonaphthalene, 13, 

73 
o-Nitroaniline, 19, 41, 70 
^-Nitroaniline, 12, 28; 14, 72; 19, 40 

NlTROBARBITUKTC ACTD, 12, 58, 84 
m-Nitrobenzaldehyde, 13, 28 

^-NlTROBENZALDEIIYDE, 18, 61 
^-NlTROBENZALDIACETATE, 18, 61 

Nitrobenzene, 11, 16; 17, 95 
^-Nitrobenzenediazonium fluoborate, 
19,40 

0-NlTROBENZENESULFENYL CHLORIDE, 

15, 45 

0-Nitrobenzenesulfonyl chloride, 15, 55 
»&-Nitrobenzoic acid, 16, 87 
^-Nitrobenzoyl chloride, 17, 93 

^-NlTROBENZYL BROMIDE, 16, 54 

tf-Nitrochlorobenzetie, 14, 67 
m-Nitrochlorobenzene, 10, 112 
^-Nitrochlorobenzene, 14, 66 
o-Nitm-p - chlorophenylsulfur chloride, 

15, 46 
o-Nitrodiphenyl ether, 14, 67 
»»-NitrodiphenyI ether, 14, 67 

^1-NlTRODLPHENYL ETHTR, 14, 66 
2-NlTROFLUORENE, 13, 74; 18, 84 
NlTROMESITYLENE, 14, 68 
I-NlTRO-2-NAPHTHOL, 13, 78 
OT-NlTROPHENOL, 18, 88 
^-Nitrophenol, 15, 6 

^-NlTKOPHENYL ISOCYANATE, 14, 72 
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fl-NlTROPHENYLSULFUR CHLORIDE, 15, 45 
4-NlTROPHTHAXIC ACID, 16, 56 

3-NitrophthaHc anhydride, 15, 89 
4-Nitrophthalimide, 16, 56, 58 
Nitrosation 

of dimethylamine, 16, 22 

of dimethylaniline, 12, 30 

of ethyl acetoacetate, 15, 17 

of ethyl malonate, 10, 54 

of ethyl iV-methylcarbamate, 13, 84 

of methylaniline, 13, 82 

of methyl ethyl ketone, 10, 22 

of methylurea, 15, 48 

of propiophenone, 16, 44 
Nitrosodimethylamine, 16, 22 
^-Nitrosodirnethylaniline, 12, 30 

N-NlTROSOMETHYLANILINE, 13, 66, 82 
NlTROSOMETHYLUKEA, 15, 3, 48 
NlTROSOMETHYLURETHANE, 13, 84 

NiTROSO-/3-naphthol, 11, 8, 12, 13, 17, 13 

NlTROTHIOPHENE, 14, 76 

^-Nitrotoluene, 16, 54; 18, 61 
Nitrourea, 10, 112 
Nonamethylene glycol, 14, 22 
5-N0NANOL, 15, 11 
«-Nonoic acid, 16, 60 
NW acid, 16, 16 



Octadecamethylene glycol, 14, 22 

9, IO-OCTADECEN-I-OL, 15, 51 

Octadecyl bromide, 15, 26 

d- and /-2-Octanol, 15, 92 

Oleyl alcohol, 15, 51 

Orange I, 17, 10 

Orange, II, 17, 9 

Orthanilic acid, 15, 55 

Oxalic acid (anhydrous), 10, 70, 78; 
11, 101 

Oxazolones, see Azlactones 

Oxidation 

by chlorate, 11, 46; 16, 73; 18, 15 
by chromic anhydride, 18, 47 
by dichromate, 12, 64; 17, 43, 69 
by ferric chloride, 10, 40, 17, 68 
by ferricyanide, 15, 41 
by hydrogen peroxide, 15, 31 
by hypochlorite, 15, 9; 17, 65 



Oxidation — Continued 

by mercuric oxide, 16, 62 

by nitric acid, 13, no; 15, 55; 17, 90 

by permanganate, 10, 20, 82; 11, 52; 
13, 1, 4; 16, 5,39,68 

by selenium dioxide, 15, 67, 16, 87 

by sulfuric acid, 10, 90 
Oximation, 10, 10, 22, 11, 54 



Palladium catalyst for reductions, 16, 77 
Pancreatin, 10, 100 
Paraformaldehyde, 13, 56 
Paraldehyde, 17, 18 
Pelargonic acid, 16, 60 
Pentadecylic acid, 16, 37 
Tentaerythritol, 10, 113; 14, 87; 17, 73 
Pentaerthrityl bromide, 17, 73 
Pentaerthrityl iodide, 17, 73 
Pentamethylbenzene, 10, 34; 11, 101 
Pentamethylene bromide, 15, 93; 16, 87, 

«-Pentane, 11, 84; 17, 93 
2-Pentene, 10, 113 

Perbenzoic acid, 13, 86, in; 14, 88 
estimation of active oxygen, 13, 89 
Phenacyl bromide, 19, 24 
Phenanthrene, 16, 63, 66 
Phenanthrene-2- and 3-SULFONATES, 

16,65 
Phenol, 13,9i; 14, 14,66 
Phenoxthin, 18, 64; 19, 88 
Phenylacetic acid, 12, 16; 13, 10; 14, 88; 

16, 28, 48, 87 

a-PHENYLACETOACETONITEILE, 18, 36, 

54,66 
Phenylacetone, 16, 47; 18, 54 
Phenylacetyl chloride, 12, 16 
Phenylacetylene, 16, 87 
(^-^-Phenylalanine, 14, 80; 19, 67 
iv-phenylanthranhjc acid, 19, 6 
Phenylarsonic acid, 15, 59 
Phenylbenzoyldiazomethane, 15, 62 
a-phenyl - (3 - benzoylpropionitrile, 

10, SO 
7-Phenylbutyric acid, 15, 64, 77; 17, 

97,18,26 
7-Phenylbutyryl chloride, 15, 77 



102 



SUBJECT INDEX 



Phenylcyclohlxane 19, 36 
2 phlnyl 4 (3',4' dimlthoxybfn7al) 
oxazolot^f, 13, 8 

PnEINYLENFDIAMINr 19, 12,70 

dihydrochloride, 19, 71 
Phenyl ether, 18, 64 

a PHEt> YLETHYIAMINE, 17, 76, 80 

d a Phenylethylaminj , 17, 80 

1 a Phenylethylaminl, 17, SO 

d a Phenj lethylamme /-malate, 17, 8o 
/ a Phenylethylamine i-tartrate, 17, Si 
Phen>lethylene, 14, 89, 16, 87 
a Phenylethylformamide 17, 77 
Phenylclyoxal, 15, 67, 16, 87, 17, 93 
Phenylhydrazine, 10, 113 
/3 Phetiylhydroxylamme, 10, 113 
Phen>lhtluum, 18, 71 
Phen>lmaloiiic ester, ethyl, 16 33 
Phen)lmethylglyo:xal, 15, 68 

PheNILMTROMETHA^E, 19, 73 
PHENYLPROPIOLIC ACID, 12, 60 

Phenyl propionate, 13, oo 91 

2 Phenylpyridine, 18, 70 
Phenylpyruvic acid, 19, 77 
Phenyl theenyl ketone, 12, 62 
Phenyl p tolylselenomum salts 18, 31 
Phloroacetophenonl, 15, 70 
Phloroglucmol, 14, 88, 15 70 
Phosgene, 14, 72 

Phosphorus, 13, 60, 14, 42, 15, 29, 

19, 18 
Phosphorus oxychlonde, 12, 66, 16, 9 
Phosphorus pentachlonde, 12, 12 
Phosphorus tnbromide, 13, 20, 17, 73 
Phosphorus trichloride, 12, 16 
Phosphorus tnsulfide, 12, 72, 73 
Phthalaldfhyde acid, 16, 68, 17, 93, 

18,8 4 
Phthahc anhydride, 11, 88, 13, 10 
Phthalide, 16, 71, 18, 84 
Phthahmide, 12, 10, 16, 58, 71 
Phthalumde synthesis, 12, 10 
7 Phthalimidobutyromtrile, 17, 4 
Phthalyl chlorides, 11, 88, 18, 85 
Picryl chloride, 13, 37 
Pimelic acid, 11, 43 
Pinacol hydrate, 13, in 
Pmacolone, 14, 88 



Piperonal, 10, 82, 18, 75 

PlPERONYL ALCOHOL, 18, 80 

PlPERONYLIC ACID, 10, 82, 18, S-, 

Plvaloin, 13, 26 

Platinum catalyst for reductions, 15, 8g, 

16,87, 17, 93, 98, 19, 67 
Potassium, powdlrid, 18, 25 
Potassium anthraquiisOnf a sulpo 

nate, 18, 15, 72 
Potassium benzohydroxamate, 19, 15 
Potassium bichromate, 12, 64 
Potassium cyanide, 16, 35 
Potassium ethylate 18, 26 
Potassium ferncyamde, 15, 41 
Potassium hypobromite, 16, 1 
Potassium hypochlorite, 17, 66 
Potassium iodide, 19, 55, 81 
Potassium permanganate, see Oxidation 
Potassium phthahmide, 17, 4 
Potassium selemde, 18, 27 
Prehnitene, 10, 37, 11, 101 
Propionaldehyde, 12, 64, 13, 108, 18, 

Propionic acid, 13, 91, 16, 49 

Propionoin, 13, 26 

Propionyl chloride, 13, 91 

o-Propiophenol, 13, 90 

p Propiophenol, 13, 90 

Propiophenone, 16, 44 

iso Propyl alcohol, 10, 88, 14, 8 

M-Propyl alcohol, 12, 64 

M-Propylbeuzene, 10, 113 

iso Propyl bromide, 11, 92, 12, 48, 

13, 21 
n Propyl bromide, 13, 21, 15, 72 
iso Propylbromomalomc acid, 11, 21 
I Propylene glycol, 10, 84 
n Propyl iodide, 13, 62 
iso Propyl lactate, 10, 88 
re-Propyl phosphate, 16, 10 
M-Propyl sulfate, 19, 27 
n Propyl sulfide, 15, 72 
n- Propyl sulfite, 19, 30 
iso Propyl thiocyanate, 11, 92 
iso Propyl m toluidine, 18, 42 
n Propyl m toluidine, 18, 42 
Protocatechualdehyde, 18, 75 
Pseudodurene, 10, 37 
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Pyridine, 11, 5, 12, 20, 16, 41, 16, 9, 

19,62 
Pyrogallol, 14, 40 

PVROMELLIIIC ACID, 10, 90, 18, 85 
y PyRONE 2,6 DlCARBOXYLIC ACID, 17, 

40 

Pyrrole, 10, ir3,15, 89 
Pyruvic acid, 10, 114, 15, 90 



Quinizann, 14, 88, 15, 90, 16, 87 
Qumoline, 10, 114, 16, 88 
Qudnone, 16, 73, 18, 85 



R acid, 16, 16 
R salt, 16, 15 
Rearrangements, 11, 28, 74, 89, 13, 68, 

90, 14, 12, 16, 1, 4, 17, 60, 19, 38 
Reduction 

by aluminum ethoxide, 15, 80 

by copper, 12, 46, 54, 14, 4 

by dextrose, 17, 95 

by ethyl alcohol, 13, 06, 19, 57 

by formaldehyde, 18, 79 

by hydnodic acid, 14, 80 

by hydrogen and copper cliromite, 
19, 48 

by hj drogen and palladium, 16, 77 

by hydrogen and platinum, 19, 67 

by iron, 11,32,15,55 

by reductase of yeast, 10, 84 

by sodium, 10, 60, 62, 11, 42, 58, 13, 
24, 14, 20, 15, 51 

by sodium arsenite, 11 16 

by sodium bisulfite, 11, 12, 19, 20 

by sodium hydrosulfite, 11, 8, IT, 
10, 11 

by stannous bromide, 19, 86 

by stannous chloride, 13, 28, 14, 62 

by tin, 12, 84, 15, 8 

by zinc, 13, 66, 74, 15, r7, 27, 64, 16, 
23 71,17,97, 19 70 
Reinecke salt, 15, 71 
Replacement of the dmzomum group 

by arsenic, 15, 59 

by bromme, 13, 30, 19, 86 

by chlorine, 13, 28 



Replacement of the dia20mum group — 
Continued 

by fluorine, 13, 46, 52, IS, 20 

by hydrogen, 13, 96, 19, 57 

by iodine, 15, 39, 19, 55, 81 

by mercury, 12 46, 54 

by nitro group, 19, 40 

by selenium, 18, 27 

by sulfur, 12, 76 
Resolution of a dl amine, 17, 80 
Resorcinol, 10, 94 
8 Resoecylic acid, 10, 94, 17, 23 
Ricmoleic acid, 13, 4 

S acid, 16, 16 

Salicylic acid, 11, 42, 14, 48, 52 

Schaeffer'sacid, 16, 16 

Schaeffer's &a!t, 16, 15 

Schotten-Bauminn acylation, 12 41, 

16, r8,19, 4 
Sebacic acid, 19, 45 
Selemous acid, 15, 67 
Selenium, 18, 27 
Selenium dioxide, 15, 67, 68 
Silica gel, 17, 27 
Sodium, 13 24, 42, 86, 100, 14, 20, 15, 

14, 51, 7 2 > 16 > 33 60, 18, 25, 33, 

19,73 
Sodium amalgam, 19, 84 
Sodium bisulfite, 11, 12, 16, 39, 19, 20 
Sodium 2-BROMOETHANEsruioNATE, 10, 

96,98 
Sodium chlorate, 11, 46, 16, 73, 18, 15 
Sodium cyanide, 13, 56, 15, 1, 19, 38 
Sodium dimethylglyoximate 10, 24 
Sodium ethylate, 17, 40, 54, 18, 24, 66 
Sodium hydrosulfite, 11, 8, 17, 10, 11 
Sodium hydroxylamine monosulfonate, 

10, 23 
Sodium p hydroxvphenylarsonate, 14, 

88 
Sodium hypochlorite, 15, 9, 16, 4, 17, 96 
Sodium metabisulfite, 13, 29 
Sodium methylate, 17, 34 
Sodium nitrite, see Diazotization, Nitro 

sation 
Sodium i-nitro 2-naphtholate, 13, 78 
Sodium perbenzoate, 13, 86 
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Sodium phenyl-aci-nitioacetonitrile, 19, 

73 
Sodium succinate, 12, 72 
Sodium sulfide, 12, 68, 76; 15, 72 
Soxhlet extractor, 16, 6g; 17, 74 
Stannic chloride, 18, 1 
Stannous bromide, 19, 86 
Stannous chloride, 17, 10, ir 
Steam distillation, rapid, 17, 20 
Stilbene, 17, 90 
Stirrer, Hershherg, 17, 3r 
Strecker's synthesis, 11, 4 
Styrene, 14, 89; 16, 87 
Succinic acid, 12, 66; 16, 75 
SrcciMC anhydride, 12, 66; 13, 12; 15, 

92 

SlICCINIMIDE, 15, I, 75 

Sulfanilic acid, 17, 9 
o-Sulfobenzoic anhydride, 17, 98 
Sulfonation, 10, 6; 11, 12; 14, 14; 16, 63; 

18,74 
Sulfonyl chloride, preparation, 10, 6; IS, 

55 
Sulfur, as catalyst, 17, 1 8 
Sulfur chloride, 14, 36 
Sulfur dioxide, 16, 39 
Sulfuryl chloride, 19, 27 



(^-Tartaric acid, 15, 90; 18, 85 
Taurine, 10, 98; 17, 93; 18, 77 

SJ»I.-TETEAEKOMO-»eo-PENTANE, 17, t3 

Tetrachloroethylene, 17, 58 
Tetradecamethylene glycol, 14, 22 
Tetradecyl bromide, 15, 26; 16, 37 
TETRAHYDROrURAN, 16, 17; 17, 84, 93 

sj»».-Tetraiodo-h«>-pentane, 17, 73 
a-TETRALONE, 15, 77; 16, 91 
1,2,3,5-Tetramethylbenzene, 11, 66 
1,2,4,5-Teteamethylbenzene, 10, 32 
Tetramethylene oxide, 16, 77 
Thiobewzophenone, 11, 94 
Thiocarbonyl perchloride, 13, 1 1 2 
^-Thiocyanodimethyianiline, 19, 79 
Thiocyanation, 19, 79 
/3-Thiodiglycol, 12, 68; 17, 93 
Thionyl chloride, 12, 20; 13, 32, 91 ; 14, 
18; 16, 77; 19, 29 



Thiophene, 12, 44, 62, 72; 14, 76; 18, 1, 

85 
Thiophosgene, 13, 112 
Thiosalicyiic acid, 12, 76 
Thiourea, 12, 52; 19, 10 
Thoria catalyst, 16, 47 
Thymoquinone, 17, 93 
Tin, 12, 84; 19, 86 
o-Tolidine, 16, 12 
Tolidine-rS24, dye, 19, 87 
^-ToirjALDEffYDE, 12, 80; 13, 109; 15, 

90; 18, 79 
o-ToruAMrDE, 11, 97; 13, 94 
Toluene, 12, 80; 17, 32, 97 
0-TOLUIC ACID, 11, 96 
f-Toluic acid, 11, 97 
^-Toluidine salts of sulfonic acids, 16, 65 
o-Tolunitrile, 10, 114; 11, 96; 13, 94 
^-Tolunitrile, 10, 114; 11, 97 
m-Tolylcarbinol, 18, 80 
^-TolYLCARBINOL, 18, 79 
or-^-Tolylethylamine, 17, 78 
p-Tolylselenonium salts, 18, 31 
Tri-M-amyl carbinol, 11, 100 
Tribromoaniline, 13, 96 

sym.-TRIBROMOBENZENE, 13, 96 

Tribromoethyl alcohol, 15, 84 
Tri-n-butylcarbinol, 11, 100 
Tricarballylic acid, 10, 114 
Tricarbomethoxymethane, 13, 100 
Tricakbexhoxymethane, 17, 86 
Trichloroaldol, 16, 83 
Trichioroethyi aicohol, 15, 80; 18, 

88 
Tridecamethylene glycol, 14, 22 
Tridecylic acid, 16, 35 
Tridecylic nitrile, 16, 35 
Triethyecarbinol, 11,98; 13, 109 
Tri-w-heptyl carbinol, 11, 100 
2,4,6-Trihydroxyacetophenone, 15, 

70 
I,2,3-TRIIODO-5-NlTROBENZENE, 19, 81 
Trimethylacetic acid, 13, 109 
Trimethylamine, 18, 10 
Trimethylene chlorohydrin, 17, 96 
Trimethylethylene dibtomide, 13, 68 
1,3,5-Trinitrobenzene, 13, 109; 14, 89; 

16, 88; 19, 16 
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2,4,6-Trinitrophenylhydrazine, 13, 37 
Triphenylchloromethane, 19, 83 
Triphenyi.ethyi.ene, 17, 89 
tkiphenylmethylsodium, 19, 43, s3 
Teiphenylselenonium chloride, 18, 

30 
sym.-TRiTta\NS, 16, 81 

TEITHIOi'ORMAIDEHYDi!., 16, 81 

Trypan blue, 16, 15 
/-Tryptophane, 10, 100; 18, 85 
/-Tyrosine, 10, 100; 102 



Ullmann reaction, 19, 6 
Undecamethylene glycol, 14, 22 
Undecylenyl alcohol, 10, 63 
Uramil, 12, 84 

/3-Uraminocrotonic acid, 17, 63 
Urea, 12, 34; 17, 63; 18, 8 
Uric acid, 13, 1 



Vanadium pentoxlde, 11, 40, 47; 14, 90; 

16,73 
Vanillin, 13, 102; 16, gx 
Veratkic aldehyde, 13, 8, 102; 15, 85; 

16, 88, 91 
Veratric amide, 16, 4, 92 
VERATRONITErLE, 15, 85; 16, 4, 92 
Y-Veratrylbutyricacid, 17, 97 
Vigreux column, 12, 86 

Xanthone, 18, 85 
a-£-Xenylethylamine, 17, 78 
Xylene, 10, 32 

Yeast, 10, 84 

Zinc-copper couple, 12, 87 

Zinc dust, 12, 77; 13, 66, 75; 15, 17, 27; 

16, 23, 71; 19, 70 

amalgamated, 16, 65 



